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Abstract
Background
Physical activity (PA) participation among youth tends to decline with age. Information about
longitudinal changes in domains of PA may provide a more nuanced understanding of how this
decline occurs, which may lead to more specific behavioural targets for intervention. The
overall aim of this thesis was to explore changes in PA domains during the transition from
childhood to adolescence and the factors that may influence those changes, with a particular
focus on non-organised PA. Non-organised PA includes unstructured and freely-chosen
activities that occur for their own sake (e.g. active playground games or informal sports).

Methods
A mixed-method sequential explanatory research design was adopted. Firstly, a systematic
literature review investigated longitudinal trends in organised PA, non-organised PA, active
transport and active chores/work during childhood and adolescence. Following this, a
quantitative research phase used national data from the Longitudinal Study of Australian
Children (LSAC). Domain-specific PA participation was measured at 11y (2010), 13y (2012)
and 15y (2014) using a 24-hour time-use diary. Analyses included multilevel mixed-effects
models, regression models, and two-stage cluster analysis. Finally, a qualitative research phase
was conducted with young adults (18-22y) who reported withdrawing from non-organised PA
and overall PA between 11y and 15y. Interview participants were recruited from
undergraduate/vocational classes and churches in the Illawarra region, Australia. Recruitment
was stratified by sex and socioeconomic status to promote diversity of voices. Data analysis was
supported by concept and pattern coding.

Results
The systematic review included 23 studies which cumulatively reported data from 27,231
participants. Few studies had a low risk of bias (n=6). Only two studies had reported data for
i

non-organised PA in the transition from childhood to adolescence, and the overall synthesis of
these studies was inconclusive.
The quantitative phase revealed a large quadratic decline in non-organised PA between
11y, 13y and 15y (-48 min/d, p<0.001) and this was similar to the decline in overall PA
(n=4,108). Participation in other domains of PA either increased slightly or remained stable
between 11y and 15y. Non-organised PA at 13y was positively predicted by PA enjoyment
(OR=1.36, p=0.007) and number of siblings (OR=1.11, p<0.001), and negatively predicted by
sex (females) (OR=0.66, p<0.001) and home computer use at 11y (OR=0.98, p=0.002)
(n=3,193). Non-organised PA was more likely to decline between 11y and 13y among those
from low socioeconomic backgrounds (OR=0.92, p=0.047) and those who consumed more
sugary drinks at 11y (OR=1.06, p=0.033). Finally, two segments were identified among youth
who reduced their non-organised PA between 11y and 13y (κ = 0.66, n=1,043). The ‘Social
Screens’ segment (n=143) had large increases in texting, emailing, social media use
(+56 min/day, p<0.001) and other internet use (+32 min/day, p<0.001) between 11y and 13y.
Conversely, ‘the Mainstream’ segment (n=900) had smaller increases in a wider range of
activities and were more likely to participate in PA.
In the qualitative phase (n=22), themes included adult modelling/influence, concern
about being childish, puberty, identity, adult choices and responsibilities, and changing life
circumstances. Barriers to non-organised PA included peer judgement and rejection. Enablers of
non-organised PA included safe people and places, accessible games and, for girls, having an
identity that supported challenging gender norms.

Discussion
The domain of non-organised PA has been scarcely investigated among adolescents, and this
thesis fills several research gaps. This thesis includes the first simultaneous longitudinal
exploration of four domains of PA (organised PA, non-organised PA, active transport, active
chores/work) between childhood and adolescence. Other research gaps that have been filled
include testing a number of potential predictors of non-organised PA that had not been explored
ii

in this context before; identifying segments of youth based on longitudinal changes in activities
that may compete with non-organised PA; and exploring age-related norms connected with nonorganised PA during adolescence.
The findings of this thesis may guide social marketing strategies to promote nonorganised PA in the transition from childhood to adolescence in Australia. Future studies may
seek to explore and develop potential intervention strategies to promote non-organised PA in
this context. Particular intervention approaches may include ‘reframing’ childhood play
activities for adolescent audiences and developing ‘identity congruent’ types of PA. These
strategies may be targeted at particular population groups such as girls, adolescents without
siblings or those with higher computer usage. Such approaches may support youth to participate
in intrinsically enjoyable and motivating types of PA.

iii

Acknowledgments
I would like to begin by thanking my amazing supervisors, Dr Anne-Maree Parrish and Dr
Dylan Cliff. You have provided exactly the right conditions to allow me to thrive as a happy and
productive PhD candidate. Anne-Maree, you have believed in me and my PhD project ever
since our first phone call. Since then, your constant kindness and empathy have ensured that I
have never felt alone in my PhD journey. Thank you for supporting me when I wanted to
explore new ideas and research directions. Thank you also for helping me to become a better
researcher by encouraging me to step outside of my methodological comfort zone. Dylan, I truly
appreciate the clear thinking and foresight that you have contributed to my supervision
meetings. Thank you for your rigorous and constructive feedback on my work which has
allowed me to disseminate my research findings with greater confidence. Thank you also for
your encouragement and optimism which has helped me to keep going when times have been
tough. It has been a great pleasure to work with both of you!
More broadly, I would like to acknowledge the wonderful support I have received from
my fellow researchers in Early Start. I would particularly like to thank Prof. Tony Okely for
your leadership in establishing and maintaining such a positive office culture. Thank you also
for your feedback on my first year proposal. I would also like to thank all of the friends I have
made in Early Start over the last few years. Thank you to Amy Carrad for welcoming me and
helping me to find my bearings early on. Thanks also to those who have partnered with me in
my research, including Kar-Hau Chong, Katharina Kariippanon and Ruth Crowe. Special
mention goes to Ruth for helping me ‘live my research’ by initiating non-organised active
games with our officemates (44 Homes, handball and other improvised games). Thanks also to
all those in 21.214 who kept me company, including my ‘desk neighbours’ (Jade, Kalina, Sarah
and Erin) as well as many others. I also thank those outside my immediate office who have
supported my PhD journey in various ways, including Jennifer Algie, Tam Ha, Leanne Denison,
Leanne Treadwell, Melinda Tippett, Kara Malss and Cathie Ross. Thank you for your support.
I also acknowledge those who have provided practical assistance to support my
iv

research. Thank you to Prof. Marijka Batterham for providing invaluable statistical advice and
to Prof. Victoria Traynor and Prof. Val Wilson for providing qualitative research advice. Thank
you to A/Prof. Lyn Phillipson and Dr. Stewart Vella for reviewing and providing feedback on
my first year proposal. Thanks to Penny Cross and Julie Sherring for helping to recruit pilot
participants for my qualitative research, and to Christine Cairns for assisting with room
bookings and other enquiries. Thank you to all UOW and UOW College staff who facilitated
screening surveys including Prof. Gordan Waitt, A/Prof. Caz Sandison, Dr. Azucena Cabello,
Dr Maureen Edwards, Dr. Elias Kyriazis, Dr. Thomas Lee, Dr. Henry Lee, Dr. Rachel LoneyHowes, Dr. Delia Rambaldini-Gooding, Dr. Ciorstan Smark, Dr. Sue Slowikowski and Dr. Glen
Wheeler. I also acknowledge the assistance of churches in the Wollongong region of the
Anglican Diocese of Sydney. Thanks also to those who assisted with administering screening
surveys including Sarah, Kalina, Ruth, Kar-Hau, Linda, Andrew and Charley. Finally, thank
you to all the research participants who so willingly shared their time and experiences.
I acknowledge the support I have received from an Australian Government Research
Training Program Scholarship during my candidature. I also acknowledge the use of unit record
data from Growing Up in Australia, the Longitudinal Study of Australian Children. The study is
conducted in partnership between the Department of Social Services, the Australian Institute of
Family Studies and the Australian Bureau of Statistics (ABS). The findings and views reported
in this thesis are my own and should not be attributed to these agencies.
On a personal note, I would like to thank my friends at St. George North Anglican
Church for helping me keep my eyes fixed on Jesus during this absorbing phase of my life.
Thank you also to James Kerr and Rob Copland of the Uni Bible Group for supporting my life
and ministry on campus during these years. Thanks to my housemate Simon for your fellowship
and for patiently listening to updates about my research. Finally, I would like to thank my
family – Garry, Alison and Amy Kemp. I have loved being able to stay with you on a weekly
basis during my PhD. Thank you for providing for me, listening to me and helping me connect
with life outside of my PhD. Your encouragement, love and patient support has greatly enriched
my experience over these years. “The impossible just takes a bit longer...”
v

Certification
I, Byron James Kemp, declare that this thesis submitted in fulfilment of the requirements for
the conferral of the degree Doctor of Philosophy, from the University of Wollongong, is wholly my
own work unless otherwise referenced or acknowledged. This document has not beensubmitted for
qualifications at any other academic institution.

Byron Kemp
18 September 2020
th

vi

List of names and abbreviations
ABS:

Australian Bureau of Statistics

AIFS:

Australian Institute of Family Studies

ANOVA:

Analysis of Variance

CoDA:

Compositional Data Analysis

CI:

Confidence Interval

DSS:

Department of Social Services (Australian Government)

FAS III:

Family Affluence Scale (version 3)

HREC:

Human Research Ethics Committee

LHC:

Life History Calendar

LOTE:

Languages Other than English (spoken at home)

LSAC:

Longitudinal Study of Australian Children

METs:

Metabolic Equivalent of Task

MVPA:

Moderate- to Vigorous-Intensity Physical Activity

N:

Number (of participants, studies, etc.)

NSW:

New South Wales (state in Australia)

OR:

Odds Ratio

PA:

Physical Activity

PE:

Physical Education

PRISMA:

Preferred Reporting Items for Systematic reviews and Meta-Analyses

ROB:

Risk of Bias

SB:

Sedentary Behaviour

SD:

Standard Deviation

SEP:

Socioeconomic Position (variable produced by LSAC)

SES:

Socioeconomic Status

SPSS:

Statistical Package for the Social Sciences

TUD:

Time Use Diary
vii

TV:

Television

UK:

United Kingdom

UOW:

University of Wollongong

USA:

United States of America

Y:

Years (of age)

viii

Statement of thesis style
This thesis has been prepared in accordance with a journal article compilation style, with the
support and agreement of my PhD supervisors (Dr Anne-Maree Parrish and Dr Dylan Cliff). A
journal article compilation style allowed components of the research to be disseminated quickly
and progressively, in order to allow academics and practitioners to be aware of ongoing
developments. The compilation style was also considered suitable due to the sequential design
of this thesis, whereby the earlier chapters provide a foundation and rationale for later chapters.
The program of research described in this PhD thesis has been reported in five
individual manuscripts (Chapters 3, 5, 6, 7 and 8) that have been published or accepted for
publication in peer-reviewed journals. These manuscripts include a systematic literature review
(Chapter 3); three quantitative studies (Chapters 5 to 7); and a qualitative study (Chapter 8).
Manuscripts have generally been presented as published, although some minor changes have
been made to appropriately adopt the UOW Harvard referencing style and to provide additional
information where required. Additional sections have been included alongside manuscripts,
such as a general introductory chapter, an overall literature review chapter, methodology
chapter, linking text between manuscripts and a general discussion chapter.

ix

Publications constituting this thesis
This thesis consists of five manuscripts that have been published or accepted for
publication in peer-reviewed journals:

Chapter 3
Kemp, BJ, Cliff, DP, Chong, KH & Parrish, AM 2019, ‘Longitudinal changes in domains of
physical activity during childhood and adolescence: a systematic review’, J Sci Med Sport, vol.
22, no. 6, pp. 695-701. doi: https://doi.org/10.1016/j.jsams.2018.12.012.

Chapter 5
Kemp, BJ, Parrish, AM, Batterham, M & Cliff, DP 2020a, ‘Participation in domains of physical
activity among Australian youth during the transition to adolescence: a longitudinal study’, J
Phys Act Health, vol. 17, no. 3, pp. 278-86. doi: https://doi.org/10.1123/jpah.2018-0705.

Chapter 6
Kemp, BJ, Cliff, DP, Batterham, M & Parrish, AM in press-a, ‘Socio-ecological predictors of
non-organized physical activity participation and decline between childhood and adolescence’, J
Sports Sci, doi: https://doi.org/10.1080/02640414.2020.1808296.

Chapter 7
Kemp, BJ, Parrish, AM & Cliff, DP 2020b, ‘‘Social screens’ and ‘the mainstream’: longitudinal
competitors of non-organized physical activity in the transition from childhood to adolescence’,
Int J Behav Nutr Phys Act, vol. 17, no. 5. doi: https://doi.org/10.1186/s12966-019-0908-0.

Chapter 8
Kemp, BJ, Cliff, DP, Kariippanon, KE, Crowe, R & Parrish, AM in press-b, ‘‘Not just for fun
anymore’: a qualitative exploration of social norms related to the decline in non-organised
x

physical activity between childhood and adolescence in Australia’, Sport Educ Soc, doi:
https://doi.org/10.1080/13573322.2020.1822795

xi

Author contributions to publications

Article 1 (Chapter 3)
Byron Kemp was involved in developing the research question, developing the PROSPERO
protocol, development and testing of the search strategy, extraction of literature from academic
databases, reviewing literature, conducting the risk of bias assessment, synthesising results and
drafting the manuscript. Kar-Hau Chong was involved in reviewing literature and conducting
the risk of bias assessment. Anne-Maree Parrish and Dylan Cliff were involved in developing
the research question, developing the PROSPERO protocol, reviewing the search strategy and
providing advice on the risk of bias assessment. All authors reviewed and approved the final
manuscript.

Article 2 (Chapter 5)
Byron Kemp was involved in developing the research question, gaining ethical approvals,
gaining access to LSAC datasets, data cleaning, development of the analytic strategy, analysis
of data, interpretation of findings and drafting the manuscript. Marijka Batterham provided
guidance to support the development of the analytic strategy and analysis of data. Anne-Maree
Parrish and Dylan Cliff were involved in developing the research question, providing advice on
data analysis and interpreting findings. All authors reviewed and approved the final manuscript.

Article 3 (Chapter 6)
Byron Kemp was involved in developing the research question, gaining ethical approvals,
gaining access to LSAC datasets, data cleaning, development of the analytic strategy, analysis
of data, interpretation of findings and drafting the manuscript. Marijka Batterham provided
guidance to support the development of the analytic strategy and analysis of data. Anne-Maree
Parrish and Dylan Cliff were involved in developing the research question, providing advice on
data analysis and interpreting findings. All authors reviewed and approved the final manuscript.
xii

Article 4 (Chapter 7)
Byron Kemp was involved in developing the research question, gaining ethical approvals,
gaining access to LSAC datasets, data cleaning, development of the analytic strategy, analysis
of data, interpretation of findings and drafting the manuscript. Anne-Maree Parrish and Dylan
Cliff were involved in developing the research question, providing advice on data analysis and
interpreting findings. All authors reviewed and approved the final manuscript.

Article 5 (Chapter 8)
Byron Kemp was involved in developing the research questions, developing the data collection
strategy, gaining ethical approvals, pilot testing, liaising with gatekeepers, conducting the
screening survey, recruiting participants, interviewing male participants, transcription, coding,
theme development, interpreting findings and drafting the manuscript. Katharina Kariippanon
was involved in pilot testing, interviewing female participants, theme development and
interpreting findings. Ruth Crowe was involved in coding, theme development and interpreting
findings. Anne-Maree Parrish and Dylan Cliff were involved in developing the research
questions, providing feedback on the data collection strategy, theme development and
interpreting findings. All authors reviewed and approved the final manuscript.

xiii

The candidate and all co-authors hereby agree with the author contributions statement

Byron Kemp
1st May 2020

Dr Anne-Maree Parrish

Dr Dylan Cliff

1st May 2020

1st May 2020

Kar-Hau (John) Chong

Prof Marijka Batterham

1st May 2020

1st May 2020

Katharina Kariippanon

Ruth Crowe

3rd May 2020

9th June 2020

xiv

Table of contents
Abstract .......................................................................................................................................... i
Acknowledgments........................................................................................................................ iv
Certification ................................................................................................................................. vi
List of names and abbreviations.................................................................................................. vii
Statement of thesis style............................................................................................................... ix
Publications constituting this thesis ...............................................................................................x
Table of contents ..........................................................................................................................xv
List of tables............................................................................................................................. xviii
List of figures ............................................................................................................................. xix
Chapter 1: Introduction and aims ..................................................................................................1
1.1 Background ......................................................................................................................1
1.2 Aims and research questions ............................................................................................5
1.3 Significance of this research ............................................................................................6
1.4 Delimitations ....................................................................................................................7
1.5 Overview of this thesis.....................................................................................................8
1.6 References ......................................................................................................................11
Chapter 2: Theoretical framework and literature review .............................................................14
2.1 Theoretical framework .................................................................................................14
2.2 Changes in domains of PA between childhood and adolescence...................................18
2.3 Potential predictors of non-organised PA ......................................................................19
2.4 Potential competing priorities during adolescence ........................................................30
2.5 Social norms related to PA participation during adolescence ........................................33
2.6 Gaps in the literature ......................................................................................................38
2.7 References ......................................................................................................................40
Chapter 3: Longitudinal changes in domains of physical activity during childhood and
adolescence: a systematic review .................................................................................................52
3.1 Background ....................................................................................................................53
3.2 Methods..........................................................................................................................54
3.3 Results ............................................................................................................................57
3.4 Discussion ......................................................................................................................65
3.5 Conclusion .....................................................................................................................68
3.6 References ......................................................................................................................70
Chapter 4: Methodology ..............................................................................................................74
4.1 Research design .............................................................................................................74
4.2 Quantitative research phase ...........................................................................................75
4.3 Qualitative research phase .............................................................................................76
4.4 Ethical considerations ....................................................................................................77
4.5 References ......................................................................................................................79
xv

Chapter 5: Participation in domains of physical activity among Australian youth during the
transition from childhood to adolescence: a longitudinal study...................................................81
5.1 Background ....................................................................................................................82
5.2 Methods..........................................................................................................................84
5.3 Results ............................................................................................................................87
5.4 Discussion ......................................................................................................................93
5.5 Conclusion .....................................................................................................................97
5.6 References ......................................................................................................................98
Chapter 6: Socio-ecological predictors of non-organised physical activity participation and
decline between childhood and adolescence ..............................................................................102
6.1 Background ..................................................................................................................103
6.2 Methods........................................................................................................................105
6.3 Results ..........................................................................................................................109
6.4 Discussion ....................................................................................................................116
6.5 Conclusions ..................................................................................................................121
6.6 References ....................................................................................................................122
Chapter 7: ‘Social Screens’ and ‘the Mainstream’: longitudinal competitors of non-organised
physical activity in the transition from childhood to adolescence .............................................127
7.1 Background ..................................................................................................................128
7.2 Methods........................................................................................................................129
7.3 Results ..........................................................................................................................133
7.4 Discussion ....................................................................................................................140
7.5 Conclusions ..................................................................................................................144
7.6 References ....................................................................................................................145
Chapter 8: ‘Not just for fun anymore’: a qualitative exploration of social norms related to the
decline in non-organised physical activity between childhood and adolescence in Australia ...149
8.1 Background ..................................................................................................................150
8.2 Methods........................................................................................................................152
8.3 Results ..........................................................................................................................157
8.4 Discussion and conclusions .........................................................................................167
8.5 References ....................................................................................................................173
Chapter 9: General discussion and recommendations ...............................................................177
9.1 Overview of findings ...................................................................................................178
9.2 Discussion of findings ..................................................................................................179
9.3 Implications of findings ...............................................................................................185
9.4 Research strengths........................................................................................................189
9.5 Research limitations .....................................................................................................190
9.6 Future research directions ............................................................................................192
9.7 Conclusion ...................................................................................................................199
9.8 References ....................................................................................................................201
Appendices.................................................................................................................................207
xvi

Appendix A: Example search strategy for systematic literature review ................................207
Appendix B: Definitions used to classify PA domains in systematic review ........................208
Appendix C: Procedures used to manually calculate statistical significance in systematic
review.....................................................................................................................................210
Appendix D: Summary of articles in systematic review that measured change in active
transport during childhood (5-12y) and/or adolescence (13-18y)..........................................214
Appendix E: Risk of Bias scores for studies in systematic review that measured change in at
least one domain or type of PA during childhood (5-12y) and/or adolescence (13-18y) ......220
Appendix F: Summary of articles in systematic review that measured change in organised PA
during childhood (5-12y) and/or adolescence (13-18y) .........................................................223
Appendix G: Summary of articles in systematic review that measured change in nonorganised PA during childhood (5-12y) and/or adolescence (13-18y) ..................................228
Appendix H: Summary of articles in systematic review that measured change in active chores
during childhood (5-12y) and/or adolescence (13-18y) .........................................................231
Appendix I: Discussion of systematic review results by age span and possible influences
between PA domains..............................................................................................................233
Appendix J: Ethical approval for quantitative phase of research (HREC 2017/275) ............236
Appendix K: Ethical approval for qualitative phase of research (HREC 2018/552) .............237
Appendix L: Concordance between domains of physical activity in this thesis and time-use
diary activity codes in the Longitudinal Study of Australian Children..................................238
Appendix M: All potential moderators of wave on participation in domains of physical
activity, weighted LSAC data ................................................................................................241
Appendix N: Potential predictors of participation in non-organised PA measured at 11y,
grouped within social ecological domains .............................................................................243
Appendix O: Full results of preliminary models to test the predictors of non-organised PA
participation and decline between childhood and adolescence ..............................................250
Appendix P: Variables used to explore the characteristics of time-use segments .................259
Appendix Q: Definition of PA domains (appendix to Chapter 7) .........................................263
Appendix R: Institutional approvals related to the collection of qualitative data ..................266
Appendix S: All participant information sheets and consent forms for qualitative data
collection ................................................................................................................................273
Appendix T: Screening survey used to recruit qualitative participants .................................279
Appendix U: Information about physical activity cut-points used on screening survey .......282
Appendix V: Example interview guide ..................................................................................284
Appendix W: Photograph of pin board used for mind-mapping, showing qualitative codes and
themes in progress..................................................................................................................289
Other Supplementary Materials .................................................................................................290

xvii

List of tables
Table 1.1 Typology of PA domains used in this thesis ..................................................................3
Table 3.1 Characteristics of included studies (reduced table)......................................................59
Table 3.2 Summary of longitudinal changes in domains of PA, by age period (reduced table) ..62
Table 5.2 Participation in domains of PA (minutes/day) by wave, weighted LSAC data ...........90
Table 6.1 Characteristics of the sample, LSAC data .................................................................110
Table 6.2 Predictors of the likelihood of non-organised PA participation at 13y (yes/no), hurdle
model .........................................................................................................................................112
Table 6.3 Predictors of the duration of non-organised PA participation at 13y (min/day), hurdle
model .........................................................................................................................................113
Table 6.4 Predictors of the likelihood of decline in non-organised PA participation between 11y
and 13y (yes/no), binary logistic regression model ...................................................................115
Table 7.1 Description of non-organised PA and the variables used in initial cluster analysis ..131
Table 7.2 Characteristics of the analytic and full samples at Wave 4, LSAC data ....................135
Table 7.3 Characteristics of initial and final cluster analysis solutions, presented in order from
the first model (all variables included) to the final model (only two variables included), LSAC
data .............................................................................................................................................136
Table 8.1 Characteristics of interview participants ....................................................................159
Table 9.1 Limitations of specific quantitative chapters of this thesis ........................................192

xviii

List of figures
Figure 1.1 Average minutes per day of MVPA spent in organised and non-organised activities,
by age cohort (2011-12), cross-sectional ABS data .......................................................................4
Figure 1.2 Visual representation of the research design adopted in this thesis, showing aims and
research questions ..........................................................................................................................9
Figure 2.1 Bronfenbrenner’s Social Ecological Model................................................................16
Figure 2.2 The main concepts of social marketing, visualised in the ‘customer triangle’ ...........18
Figure 2.3 Summary of literature regarding social ecological predictors and correlates of overall
PA among children and adolescents, showing factors that have been investigated in the context
of non-organised PA and levels of evidence ................................................................................20
Figure 3.1 Flowchart of search results and the selection process (systematic review) ................58
Figure 5.1 Mean minutes/day of participation in overall PA and domains of PA, by age of
participants, weighted LSAC data ...............................................................................................92
Figure 6.1 Diagram of potential predictors of non-organised PA, arranged according to the
levels of Bronfenbrenner’s Social Ecological Model ................................................................107
Figure 7.1 Flowchart showing the reasons for exclusion from the analytic sample ..................134
Figure 8.1 Example of a completed life history calendar (participant: male, 18y) ....................156
Figure 8.2 Flow diagram showing the recruitment of interview participants ............................158
Figure 9.1 Visual representation of the aims and research questions of this thesis, showing
recommendations for future research .........................................................................................194
Figure 9.2 Summary of a proposed research project designed to develop and test an ‘identity
congruent’ PA intervention ........................................................................................................198

xix

Chapter 1: Introduction and aims
1.1 Background
1.1.1 Importance of physical activity participation
Regular participation in physical activity (PA) has been associated with healthy development
among children and adolescents (Janssen & LeBlanc 2010; Poitras et al. 2016). PA is defined by
the World Health Organisation as ‘any bodily movement produced by skeletal muscles that
requires energy expenditure’ (World Health Organization 2020a). A recent systematic literature
review indicated that moderate-to-vigorous physical activity (MVPA), which is commonly
defined as PA with an energy expenditure of at least 3.0 metabolic equivalents (METs), is
favourably associated with a range of health outcomes among school-aged children and youth
including cardio-metabolic indicators, physical fitness, bone health, motor skill development,
quality of life, psychological wellbeing and reduced adiposity (Poitras et al. 2016). There is also
evidence that even light-intensity physical activity (less than 3.0 METs) may be favourably
associated with some cardio-metabolic outcomes, such as blood pressure (Poitras et al. 2016).

1.1.2 Insufficient PA participation among Australian children and adolescents
Many countries have guidelines which pertain to the amount and intensity of PA recommended
for children and adolescents (Parrish et al. 2020). Australia’s PA guidelines for children (aged
5-12 years (y)) and adolescents (aged 13-17y) recommend the accumulation of at least 60
minutes of MVPA per day, in line with global recommendations (Department of Health 2019a;
World Health Organization 2010). However, despite government efforts to promote PA
participation (Department of Health 2014), few children and young people meet the PA
guidelines. In Australia, adherence to the PA guidelines on all days of the week steadily
declines with age, from 36% of 5-8 year-olds to just 6% of 15-17 year-olds (Australian Bureau
of Statistics 2013a). A similar pattern is evident based on the more moderate criteria of meeting
the guideline on 5 out of 7 days per week, with adherence declining from 69% of 5-8 year-olds
to 22% of 15-17 year-olds (Australian Bureau of Statistics 2013b). These patterns are consistent
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with the age-related decline in PA participation reported in a systematic review of longitudinal
studies (Dumith et al. 2011). Establishing adequate PA habits in childhood and maintaining
these into adulthood is therefore a key public health priority (Department of Health 2019b),
especially given the possibility that PA participation may track from childhood and adolescence
into adulthood (Telama 2009).

1.1.3 Domain-specific PA participation
One area of emerging research interest is the context in which PA occurs, also known as
domains of PA (Samitz et al. 2011). Domains of PA are commonly categorised as
transportation, household/occupational tasks and leisure-time PA (Ding et al. 2020; World
Health Organization 2010). Leisure-time PA is sometimes further divided into organised and
non-organised PA (Active Healthy Kids Australia 2016). A typology of four domains of PA
used in this thesis is shown in Table 1.1. Compared with studies of overall MVPA, analysis of
domains of PA such as these may provide a more nuanced understanding of where changes in
behaviour occur. This information may be used to provide more specific behavioural targets for
intervention.
Despite the potential benefits of exploring changes in domains of PA, there remains a
relative lack of evidence about participation in specific domains or types of PA (Ding et al.
2020). In particular, evidence from a recent systematic literature review indicates that no studies
worldwide have simultaneously explored longitudinal changes in all four domains of PA among
the same sample between childhood and adolescence (Kemp et al. 2019 - see Chapter 3).
Simultaneously exploring changes in all four domains in the same sample would provide the
clearest picture of whether one domain is particularly prone to decline during childhood and
adolescence. Evidence is also limited in the Australian context for some domains of PA, such as
active chores/work and non-organised PA (Kemp et al. 2019). Longitudinal changes in nonorganised PA have only been reported among girls in Australia (Eime et al. 2016), and changes
in active chores/work have not been reported in the Australian context to the candidate’s
knowledge (Kemp et al. 2019). Of these domains, non-organised PA is of particular interest due
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to national cross-sectional data which suggests that this domain may follow a similar pattern to
the overall decline in MVPA that occurs with age (see Figure 1.1). Non-organised PA has been
shown to represent 85% of MVPA time among 5-8 year-olds but only 53% of MVPA time
among 15-17 year-olds (Australian Bureau of Statistics 2013a). Therefore, an opportunity may
exist to target non-organised PA in an attempt to slow the decline in PA participation among
adolescents. However, longitudinal confirmation of this cross-sectional trend is required.

Table 1.1 Typology of PA domains used in this thesis
Domain of PA

Organised PA

Non-organised PAa

Active transport
Active chores/work

a.
b.

Definition
“Usually involving training and competition, having a coach, and being
organised by adults” (Hardy et al. 2010, p.23) and “typically requiring
specialised equipment, a special play area and time” (Department of Health
2008, p.56). Examples may include team sports (Hardy et al. 2010) or
weights classes (Eime et al. 2016).
“Freely chosen, unstructured … flexible and spontaneous, minimally
constrained by adult demands, there is no end product, no time pressures, no
fear of failure and the activity appears to occur for its own sake” (Active
Healthy Kids Australia 2016, p.25). Examples may include playground
games (Active Healthy Kids Australia 2016; Department of Health 2008),
skipping (Findlay et al. 2010) or playing in a pool (Active Healthy Kids
Australia 2016).
“Any form of human powered transportation (e.g. locomotion on foot, or
bicycle, skateboard, etc)” (Active Healthy Kids Australia 2016, p.22). b
“Household chores, including vacuuming/mopping, digging/planting,
lifting/carrying” and “job tasks, including walking, lifting/carrying, and
other activities of similar exertion” (Brownson et al. 2000, p.265).

Also referred to as ‘active play’ or ‘free play’ (Active Healthy Kids Australia 2016; Department
of Health 2008)
These activities are considered to be non-organised PA if they occur for their own sake, rather
than for transportation (e.g. for the purpose of getting to school or work).
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Figure 1.1 Average minutes per day of MVPA spent in organised and non-organised
activities, by age cohort (2011-12), cross-sectional ABS data
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- MVPA is here defined as activities with a
Metabolic Equivalent of Task (MET) score of
at least 3.0 (Australian Bureau of Statistics
2013a)
- Organised physical activities are those
"organised by a club, association or other type
of organisation" (Australian Bureau of Statistics
2013a)
- Non-organised physical activities are defined
here as MVPA time that is not spent in
organised activities or active transport
(Australian Bureau of Statistics 2013a)

1.1.4 Opportunities to inform PA promotion strategies
In addition to providing more specific behavioural targets for intervention, research insights
may also be used to shape strategies to promote domain-specific PA. Information about the
socio-ecological predictors of domain-specific PA may provide a greater understanding of
mechanisms that could potentially support participation, as well as potential risk factors of nonparticipation (Sallis et al. 2000a). These insights may also be used to develop customised
initiatives for population groups that are less likely to participate in domain-specific PA (a
process known as ‘segmentation’ in the field of social marketing) (Kreuter et al. 2014). Social
marketing strategies may also seek to counter the potential ‘competitors’ of domain-specific PA
(i.e. activities that may compete with PA for the time and attention of adolescents) (National
Social Marketing Centre 2011). Information about the ‘competitors’ of domain-specific PA
could influence the design of specific intervention components, such as emphasising
‘exergames’ where video games are found to compete with non-organised PA (Staiano et al.
2013). Thus, further information about the predictors and competitors of domain-specific PA
may enhance the design of targeted PA promotion initiatives for certain population groups.
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1.2 Aims and research questions
The overall aim of this doctorate was to explore changes in participation in PA domains during
the transition from childhood to adolescence and the factors that may influence those changes,
with a particular focus on non-organised PA. An inter-disciplinary approach was used to explore
this topic by drawing on conceptual models from both public health (social ecological model)
and social marketing (‘customer triangle’) (see Chapter 2). The following aims and research
questions were investigated to explore the overall aim of this doctorate:

Aim 1: To explore changes in domains of PA participation (non-organised PA, organised PA,
active transport and active chores/work) between late-childhood and mid-adolescence

Research Question 1:
i.

How does the duration of overall PA, non-organised PA, organised PA, active
transport and active chores/work change between late childhood (11y), early
adolescence (13y) and mid-adolescence (15y)?

ii.

Are these changes moderated by sex, socioeconomic position, language spoken at
home, Indigenous status or geographical remoteness?

Aim 2: To explore the childhood predictors of non-organised PA participation during
adolescence

Research Question 2:
What are the socio-ecological predictors at 11y, of:
i.

Non-organised PA participation at 13y?

ii.

The decline in non-organised PA participation between 11 and 13y?
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Aim 3: To explore patterns of alternative behaviours that may compete with non-organised PA
in the transition from childhood to adolescence

Research Question 3:
i.

Among youth whose participation in non-organised PA declined between 11y and
13y, can segments be identified based on changes in other potential competing
activities during this period?

ii.

What are the characteristics of these segments?

Aim 4: To explore the PA stories of young adults (18-22y) who withdrew from non-organised
PA and overall PA between childhood (11y) and adolescence (15y)

Research Question 4:
How do social norms shape attitudes toward specific types of non-organised PA during
adolescence?

Research Question 5:
What are the perceived barriers and enablers of participation in non-organised PA during
adolescence?

1.3 Significance of this research
The economic impact of physical inactivity in Australia has been estimated at up to $850
million in healthcare costs and $15.6 billion in lost productivity each year (Crosland et al.
2019). Therefore, promoting greater participation in PA is a key public health priority in
Australia (Department of Health 2019b). One aspect of this problem is the fact that PA
participation is prone to decline over the life-course (Australian Institute of Health and Welfare
2018a) and this is particularly likely to occur during childhood and adolescence (Lounassalo et
al. 2019). The transition between childhood and adolescence is of particular interest in this
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thesis because this stage of life involves a wide range of biological, social and emotional
changes (DiClemente et al. 2009) and these can produce a number of new barriers to PA
participation (Corr et al. 2019). In particular, there is evidence that PA participation tends to
become more serious and performance-driven in the transition to adolescence (Corr et al. 2019),
and this may dissuade youth from participating in certain types of PA. Therefore, a better
understanding of the domains of PA that may be particularly prone to decline in the transition
from childhood to adolescence may highlight more specific behavioural targets for intervention.
In addition, a better understanding of the factors that may influence participation in domainspecific PA may guide the development of specialised PA promotion strategies. This
information may enable intervention strategies to emphasise particular types of PA that are
likely to appeal to the interests of particular segments of the population. Such intervention
approaches may be effective in supporting youth to participate in intrinsically enjoyable and
motivating types of PA that may be continued into adulthood.

1.4 Delimitations
The quantitative components of this research (Chapters 5 to 7) are delimited in the
following ways:
1. Participants were children and adolescents living in Australia who participated in
the Longitudinal Study of Australian Children (LSAC) at Wave 4 (2010), Wave 5
(2012) and Wave 6 (2014) [Wave 6 applies to Chapter 5 only] (Australian Institute
of Family Studies 2015).
2. Data were collected according to procedures devised by Australian Government
agencies (Australian Institute of Family Studies 2015).
3. Participation in non-organised PA was measured in each wave using a 24-hour
time-use diary completed by youth (Corey et al. 2014).

The qualitative component of this research (Chapter 8) is delimited in the following ways:
1. Participants were young adults aged 18-22y who self-reported: (1) declines in non7

organised and overall PA participation between 11y and 15y; (2) living in Australia at
11y and 15y; and (3) no health conditions or disabilities that would have affected PA
participation at 11y and 15y.
2. Participants were either: (1) undergraduate students at the University of Wollongong
(UOW); (2) vocational or special entrance students at UOW College; or (3) attendees at
two Anglican churches in the Illawarra region, Australia.
3. Selection of participants was stratified by sex and socioeconomic status (SES). SES was
measured using the Family Affluence Scale III (FAS III) (Inchley et al. 2016)
4. Data collection occurred via semi-structured interviews supported by Life History
Calendars (Nelson 2010)
5. Data collection continued until sufficient data saturation was attained (indicated by two
consecutive male interviews and two consecutive female interviews with no new
codes).

1.5 Overview of this thesis
This thesis by compilation consists of five manuscripts that have been published or accepted for
publication in peer-reviewed journals. Each manuscript is laid out as a separate chapter in this
thesis.


Chapter 2 begins by providing an overview of the theoretical framework of this thesis.
This chapter also situates the thesis in the context of prior academic research in order to
highlight the research gaps to be investigated.



Chapter 3 presents a systematic literature review that explores prior research related to
Research Question 1. This review identifies previous studies that explored longitudinal
changes in at least one domain of PA participation during childhood (5-12y) and/or
adolescence (13-18y). This chapter has been published as an article in the Journal of
Science and Medicine in Sport (Kemp et al. 2019).



Chapter 4 sets out the methodological approach of this thesis. A mixed-methods
sequential explanatory design is highlighted in this chapter (Ivankova et al. 2006),
8

consisting of a systematic literature review followed by three quantitative studies and a
qualitative study (see Figure 1.2).

Figure 1.2 Visual representation of the research design adopted in this thesis, showing
aims and research questions
Systematic review

Quantitative phase

Aim 1: Participation in domains of PA
between childhood and adolescence
(Research Question 1)

Aim 1: Participation in domains of PA
between childhood and adolescence
(Research Question 1)

Aim 2: Predictors of non-organised
PA (11y  13y)
(Research Question 2)

Aim 3: Activities that may compete
with non-organised PA (11y  13y)
(Research Question 3)

Qualitative phase
Aim 4: Social norms, barriers and enablers
related to non-organised PA during adolescence
(Research Questions 4 & 5)



Chapter 5 presents a quantitative exploration of longitudinal changes in overall PA and
domains of PA (organised PA, non-organised PA, active transport, active chores/work)
among Australian youth between 11y and 15y. This exploration sought to address
Research Question 1. This chapter has been published as an article in the Journal of
Physical Activity and Health (Kemp et al. 2020a).



Chapter 6 explores the socio-ecological predictors of non-organised PA at 13y, as well
as predictors of the decline in participation between 11y and 13y (Research Question 2).
This chapter has been published as an article in the Journal of Sports Sciences (Kemp et
al. in press-a).



Chapter 7 draws on the social marketing concept of ‘competitors’ to explore Research
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Question 3. Patterns of change in alternative activities are explored among youth who
reduced their participation in non-organised PA between 11y and 13y. Two distinct
profiles of youth are presented and discussed. This chapter has been published as an
article in the International Journal of Behavioural Nutrition and Physical Activity
(Kemp et al. 2020b).


Chapter 8 presents the results of the qualitative phase of this thesis which sought to
explore Research Questions 4 and 5. This chapter draws on the PA stories of young
adults who reported declines in their non-organised PA and overall PA participation
between 11y and 15y. This chapter has been accepted for publication as an article in
Sport Education and Society (Kemp et al. in press-b).



Chapter 9 summarises the key findings of this thesis and discusses these in the context
of broader literature. This chapter also explores the key implications and
recommendations for health promotion practice. Potential directions for future research
are also explored.
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Chapter 2: Theoretical framework and literature review
The previous chapter established the background of this thesis and explained the key
concepts and issues that are under investigation. A broad overview of the thesis was also
provided, including the aims and research questions. The following chapter builds on this
by providing an overview of theoretical concepts and literature related to the thesis. This
chapter begins by providing a summary of the main theoretical concepts that have informed
this thesis. Following this, a review of academic literature is provided to situate the thesis in
the context of prior research and to highlight research gaps.

2.1 Theoretical framework
This thesis draws on theoretical concepts from the fields of public health and social marketing.
Within public health, Bronfenbrenner’s Social Ecological Model provides a comprehensive
basis for examining the potential predictors of health behaviours (Bronfenbrenner 1979). Within
the field of social marketing, concepts such as segmentation and competition allow a better
understanding of the research problem and provide direct links to practice (National Social
Marketing Centre 2011).

2.1.1 Bronfenbrenner’s Social Ecological Model
Bronfenbrenner’s Social Ecological Model is a conceptualisation of the processes and
environments that influence the lifelong process of human development (Bronfenbrenner 1994).
The model is formed on the proposition that human development occurs through a process of
ongoing reciprocal interactions between the individual and their proximal environment. The
nature of these interactions vary based on the characteristics of the person, the environmental
context and the nature of the outcome in question (Bronfenbrenner 1994). The model does not
assume that individuals are entirely a product of their environment, but rather that people are
dynamic entities capable of influencing and being influenced by their surroundings
(Bronfenbrenner 1979). As such, the characteristics of the individual are at the centre of the
14

ecological model (Shumaker et al. 2009). In the social ecological model, the individual is
surrounded by five systems which are shown in Figure 2.1:


The microsystem: includes the immediate contexts in which the individual participates
and gains experiences (e.g. family, school) (Bronfenbrenner 1979);



The mesosystem: comprises the interactions between elements of the microsystem (e.g.
parent/teacher communications) (Bronfenbrenner 1979);



The exosystem: relates to settings that do not directly involve the individual but which
may nevertheless still influence them (e.g. the social networks of parents)
(Bronfenbrenner 1979);



The macrosystem: consists of overall trends that affect micro-, meso- and exosystems
(e.g. public policy, cultural trends, weather) (Bronfenbrenner 1994);



The chronosystem: refers to changes that occur over time across the life-course
(Bronfenbrenner 1994).

This thesis adopts the Social Ecological Model as a framework to explore the mechanisms that
may support participation in non-organised PA, as well as potential risk factors of nonparticipation (Sallis et al. 2000a). This exploration is particularly evident in Chapter 6.
Information about potential mechanisms and risk factors related to non-organised PA may
inform the development of segmented social marketing strategies, as described in the following
section.
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Figure 2.1 Bronfenbrenner’s Social Ecological Model

Image source: Santrock (2007)

2.1.2 Social marketing
The academic discipline of social marketing is a useful lens for exploring normative trends in
PA participation between childhood and adolescence. Social marketing is a practice which seeks
to “develop and integrate marketing concepts with other approaches to influence behaviours that
benefit individuals and communities for the greater social good” (International Social Marketing
Association; European Social Marketing Association & Australian Association of Social
Marketing 2013, p. 1). The main concepts of social marketing are represented in the ‘customer
triangle’, which is displayed in Figure 2.2 (National Social Marketing Centre 2011). One of the
fundamental principles of social marketing is a focus on behavioural change which benefits
individuals and society (National Social Marketing Centre 2011). Thus, social marketing utilises
research methods to generate insights relating to the behaviour and motivations of individuals
(National Social Marketing Centre 2011). Social marketing research is also commonly used to
inform market segmentation strategies. Segmentation is the process of partitioning the audience
into distinct groups, to enable groups of strategic importance to be targeted (Dibb & Simkin
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2003; Donovan & Henley 2003). Segmentation may be based on a range of factors including
demographics (e.g. age), psychographics (e.g. personality) or behavioural variables (e.g.
smoking status) (Kotler & Keller 2012). For example, a social marketing campaign to reduce
screen time might use behavioural segmentation to target groups of children who share similar
screen time patterns (e.g. ‘extreme screenies’ (Olds et al. 2006)). However, few social
marketing interventions have used market segmentation in the context of PA promotion. Of the
social marketing interventions included in a recent systematic review (Truong & Dang 2017),
only two interventions sought to promote PA participation among adolescents (13-18y) (Bush et
al. 2010; Sallis et al. 2003). Although one of these articles mentioned the term ‘segmentation’
(Bush et al. 2010), neither article provided evidence that specialised strategies had been
developed for subgroups of the target population (Bush et al. 2010; Sallis et al. 2003). In
contrast, the VERB™ intervention in the USA targeted 9-13 year-olds and used specialised
campaign strategies based on ethnicity and location (Huhman et al. 2008). Therefore, an
opportunity exists to encourage and inform market segmentation strategies to promote nonorganised PA among adolescents.
In addition to applying commercial marketing concepts for public benefit (Kotler &
Zaltman 1971), social marketing also redefines some of these concepts to suit the goal of
positive behavioural change. For example, social marketing adapts the term ‘competition’ from
commercial marketing practices. In social marketing, ‘competition’ refers to the alternative
priorities that may compete with the desired behaviour for the target audience’s time and
attention (National Social Marketing Centre 2011). In the context of PA, examples of
‘competitors’ may include television (Craike et al. 2009; Kumar et al. 2016) or video games
(Devís-Devís et al. 2015; Kumar et al. 2016). Social marketing strategies often attempt to
counter these competitors through the concept of ‘exchange’. In a commercial setting, exchange
refers to the trade-off between the cost of a product and its perceived benefits relative to
competitors (National Social Marketing Centre 2011). Similarly, social marketing strategies
often seek to promote the benefits of the target behaviour and minimise its costs (including nonmonetary costs, e.g. effort or time) (National Social Marketing Centre 2011). Social marketing
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strategies may also seek to replace the benefits that are derived from competing behaviours
(National Social Marketing Centre 2011). For example, this may involve promoting exergame
use among youth who are motivated by video gaming (Robinson 2010).

Figure 2.2 The main concepts of social marketing, visualised in the ‘customer triangle’

Image source: The National Social Marketing Centre (UK) (2011)

2.2 Changes in domains of PA between childhood and adolescence
Chapter 3 presents a systematic literature review of studies that explored longitudinal changes
in at least one domain of PA during childhood and/or adolescence. This review highlighted that
only two studies had reported data on non-organised PA participation between childhood and
adolescence (Eime et al. 2016; Rauner et al. 2015). One of these studies only sampled girls and
reported no change in participation (n=328) (Eime et al. 2016), while the other study did not
stratify results by sex and reported a decline (n=117) (Rauner et al. 2015). Both of these studies
were conducted with relatively small samples and the Australian study was found to have a high
risk of bias (Kemp et al. 2019). Therefore, additional research is warranted to investigate
longitudinal changes in non-organised PA, including differences in participation by sex. As
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highlighted by national cross-sectional data presented in Chapter 1, non-organised PA may be a
particularly important component of the decline in PA participation between childhood and
adolescence in Australia. Chapter 3 also highlights that none of the studies included in the
systematic review had explored changes in more than two domains of PA participation. The
concurrent examination of multiple domains of PA within the same sample may be particularly
beneficial for identifying the domains that may contribute most to overall PA change.

2.3 Potential predictors of non-organised PA
Data about the correlates and predictors of non-organised PA are potentially useful for
identifying bases for market segmentation, as well as modifiable targets for PA intervention. A
wide variety of literature is available on the correlates and predictors of overall PA among
children and adolescents, including several recent ‘umbrella reviews’ of reviews (Aleksovska et
al. 2019; Carlin et al. 2017; Condello et al. 2017; Cortis et al. 2017; Jaeschke et al. 2017;
Puggina et al. 2018). These umbrella reviews all used the same search strategy to locate
systematic reviews and meta-analyses of the determinants and correlates of PA participation.
Each individual umbrella review focussed on a specific topic area (e.g. biological factors,
behavioural factors, etc). These reviews, as well as other recent studies, may provide a helpful
overview of the factors associated with overall PA during childhood and adolescence and this
information may be used to establish factors that may potentially be associated with nonorganised PA participation. This section of the literature review explores the known correlates
and predictors of overall PA as well as non-organised PA, in order to highlight potential
research gaps. As discussed in Section 2.1.1, Bronfenbrenner’s Social Ecological Model
provides a helpful framework for structuring this exploration (Bronfenbrenner 1979). A
summary of this section of the literature review is provided in Figure 2.3.
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Figure 2.3 Summary of literature regarding social ecological predictors and correlates of
overall PA among children and adolescents, showing factors that have been investigated in
the context of non-organised PA and levels of evidence

Individual characteristics of child
Psychosocial

Physical/demographic

☂





Sex, age

☂

Health-related
quality of life,
asthma symptoms
Weight status,
self-rated health,
motor
coordination,
genetics, pubertal
development
(girls)





Behavioural

☂

Self-efficacy, intention /
motivation for PA, physical
self-concept, perceived
appearance, perceived
behavioural control, perceived
fitness / competence

TV/screen time,
time outdoors,
previous PA,
participation in
PE / school
sports, active
transport,
internet use

PA identity



Mental health issues (e.g.
depression/anxiety), peer
leadership, religious affiliation,
temperament (e.g. extroversion)



Sleep duration
Diet quality

Microsystem (immediate contexts in which the individual partakes)
Family

☂





Peers

☂

Parental support for PA, maternal depression
Number of siblings, parenting style / parental relationship
(e.g. intimacy, conflict), adverse childhood experiences,
maternal stress

☂



Peer support
for PA
Number of
close friends,
bullying
victimisation

Neighbourhood

☂

School type
Intramural sports, teacher support for PA,
activity settings, recess exercises, campus
area, school social capital, quality of
sports management, number of school PA
policies, PE learning environment





Child’s self-rated academic
performance, active commuting to
school, parental satisfaction with school



Exosystem (settings that do not directly involve
the individual)

Macrosystem (overall trends that may affect other systems)

Legend:



Parent PA, single-parent status, socioeconomic position of
family / household income, home PA equipment/garden,
ethnicity / overseas born parent, electronic equipment in
bedroom, number of cars, Indigenous status

School





Having a PA
companion

☂





Evidence from a recent umbrella review
Evidence from a recent meta-analysis or
systematic review
Evidence from a recent individual study
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Accessibility, access to PA
infrastructure / equipment
Street connectivity, bike lanes,
temporary road closures, play
equipment
Traffic safety, urban / rural status,
recreation / social spaces, parental
perceptions of neighbourhood safety
and cohesion, residential density

Perceived level of social support of parent



Season, amount of sunlight

Notes:
 Bold text indicates variables that
have been investigated in the context
of non-organised PA
 References are provided throughout
Section 2.3

2.3.1 Characteristics of the child
Biological/physical characteristics
A recent umbrella review of biological determinants and correlates of overall PA included seven
systematic reviews and four meta-analyses that included child or adolescent populations
(published between January 2004 – January 2018) (Aleksovska et al. 2019). The overall
synthesis of this evidence suggested that the most consistent determinants of PA participation
were sex and age (Aleksovska et al. 2019). Being female was found to be negatively associated
with PA participation during childhood and adolescence (Aleksovska et al. 2019), and this is
consistent with evidence from more recent systematic reviews (Chaabane et al. 2020; Guthold et
al. 2020; Van Hecke et al. 2016). Age was also deemed likely to be negatively associated with
PA participation, with a stronger level of evidence during adolescence (Aleksovska et al. 2019).
Other biological factors had relatively inconsistent or inconclusive findings in this umbrella
review and this was often due to a small number of studies or diversity in study populations or
measurements (Aleksovska et al. 2019). Despite this, other biological or physical factors that
may be associated with overall PA have been highlighted in recent meta-analyses or systematic
reviews that were not included in this umbrella review. There is some evidence that PA
participation among youth may be positively associated with health-related quality of life
(Marker et al. 2018; Wu et al. 2017) and negatively associated with asthma symptoms (Lochte
et al. 2016). Recent individual studies may also provide more tentative evidence of other factors
that may be worth exploring as potential predictors of non-organised PA. Recent individual
studies have also reported that PA participation is negatively associated with weight status (Lu
et al. 2017), poorer self-rated health (Granger et al. 2017), motor coordination problems (De
Meester et al. 2018) and more advanced pubertal development among girls (Desnouck et al.
2019; Lee et al. 2016). Recent evidence also suggests that genetics may play a limited role in
PA participation (Pereira et al. 2018).
Of these biological and physical factors, only gender and weight status have been
investigated in the context of non-organised PA. Males have been shown to be more likely to
participate in non-organised PA (Esteban-Cornejo et al. 2014; Puett et al. 2019), and one cross21

sectional study reported that BMI was negatively associated with participation (Bengoechea et
al. 2010).

Psychosocial characteristics
A recent umbrella review of psychosocial determinants and correlates of overall PA included
five systematic reviews and three meta-analyses that included child or adolescent populations
(published between January 2004 – April 2016) (Cortis et al. 2017). This umbrella review
indicates that PA participation is likely to be positively associated with self-efficacy,
intention/motivation for PA, physical self-concept and perceived appearance (Cortis et al.
2017). In addition, PA participation is likely to be positively associated with perceived
behavioural control, perceived fitness and perceived physical competence among adolescents
but not necessarily children (Cortis et al. 2017). Other psychosocial factors had relatively
inconsistent or inconclusive findings in this umbrella review, although a recent meta-analysis
indicates that PA participation among youth may be positively associated with having a
personal identity/schema that supports PA (Rhodes et al. 2016). Beyond this umbrella review,
recent individual studies may also provide a limited sense of other potential psychosocial factors
that may be associated with overall PA. Other psychosocial factors that may positively predict
PA participation include peer leadership (Spurr et al. 2016), religious affiliation (Mutz &
Albrecht 2017) and adolescents’ perceived benefits and barriers of PA (Spurr et al. 2016). It has
also been suggested that mental health issues may produce barriers to PA participation
(Vancampfort et al. 2017). Various aspects of temperament and self-perception have also been
positively associated with PA participation, including extraversion (Lodewyk 2019; Yañez et al.
2020) and perceiving oneself as popular and sociable (Garcia et al. 2016).
Of the psychosocial factors that have been linked with PA participation, only selfefficacy has been associated with participation in non-organised PA (Smith et al. 2010). In
addition, various motives for PA have been investigated in the context of non-organised PA
(enjoyment, social affiliation, improving physical appearance, developing PA skills and
improving fitness/health) but these were not significantly associated with participation after
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accounting for the confounding variables of sex, age, language and SES (Goguen Carpenter et
al. 2017).

Behavioural characteristics
A recent umbrella review of behavioural determinants and correlates of overall PA included 10
systematic reviews and two meta-analyses that included child or adolescent populations
(published between January 2004 – April 2016) (Condello et al. 2017). In this umbrella review,
the most consistent correlates and determinants of PA participation were time spent outdoors
and previous participation in PA (Condello et al. 2017). Evidence also indicated that PA
participation may be positively associated with participation in PE/school sports and active
transport, and negatively associated with internet time (Condello et al. 2017). Additionally, TV
viewing was a negative correlate of PA outcomes in three out of four reviews in this umbrella
review (Marshall et al. 2004; Pearson et al. 2014; Stanley et al. 2012). Beyond this umbrella
review, a recent meta-analysis also linked PA participation with sleep duration (Lang et al.
2016), although a subsequent meta-analysis has suggested that sleep duration may only be
associated with vigorous PA (Antczak et al. 2020). Recent individual studies may also provide
tentative evidence of other behavioural factors that may be worth exploring as potential
predictors of non-organised PA. Recent individual studies have also found PA participation to
be positively associated with diet quality (Alonso-Fernández et al. 2015; Vancampfort et al.
2019) and negatively associated with screen time (Alonso-Fernández et al. 2015; Dutra et al.
2015).
Of these behavioural factors, only screen time has been investigated in the context of
non-organised PA. Screen time was found to be negatively associated with participation in nonorganised sports (Auhuber et al. 2019). Additionally, active play among children has been
positively associated with playing in fields and woods further than 500 metres from the home,
as well as playing in neighbourhood gardens (Bringolf-Isler et al. 2010).
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2.3.2 The microsystem
Family characteristics
Family-related factors were reported in a recent umbrella review of sociocultural determinants
and correlates of overall PA (Jaeschke et al. 2017). This umbrella review included 12 systematic
reviews and four meta-analyses that included child or adolescent populations (published
between January 2004 – April 2016). The most consistent finding in this review was a positive
relationship between PA participation and parental support for PA (Jaeschke et al. 2017).
Parental support for PA may include verbal encouragement or providing transport to PA
opportunities (De Lepeleere et al. 2015; Draper et al. 2015; Harrington et al. 2016; Mutz &
Albrecht 2017; Wilk et al. 2018). The umbrella review also provided limited evidence that PA
participation may be negatively associated with maternal depression (Jaeschke et al. 2017), and
maternal stress has also been negatively associated with PA participation in a more recent
systematic review (O'Connor et al. 2017). Relatively inconsistent or inconclusive findings were
presented for other family-related factors in this umbrella review, although recent meta-analyses
and systematic reviews indicate that PA participation among youth may also be positively
associated with the number of siblings in the household (Kracht & Sisson 2018) and aspects of
the parent-child relationship (e.g. intimacy, communication) (Blewitt et al. 2016). Evidence
from a recent meta-analysis also indicates that PA participation may be lower among youth with
more adverse childhood experiences (Hughes et al. 2017).
More tentatively, evidence from recent individual studies suggest that PA participation
among youth may also be positively associated with parent PA participation (Christofaro et al.
2019; Mutz & Albrecht 2017), living in a two-parent household (Fan et al. 2019; Iguacel et al.
2017), socio-economic status (Aura et al. 2016; Lewis et al. 2016; Lu et al. 2017), having home
PA equipment (Spurr et al. 2016) and having a garden in the home (Zahl-Thanem et al. 2018).
PA participation has also been shown to be negatively correlated with the presence of electronic
equipment in the bedroom (Ferrari et al. 2015; Ferrari et al. 2016; Harrington et al. 2016) and
living in a household with a greater number of cars (Ferrari et al. 2016). In Australia, overall PA
participation has also been shown to be higher among children and adolescents from Aboriginal
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and Torres Strait Islander backgrounds living in non-remote areas (Australian Bureau of
Statistics 2014), and lower among children and adolescents of Asian and Middle-Eastern
backgrounds (Hardy et al. 2017).
Many of the family-related factors listed above have also been shown to be predictors or
correlates of non-organised PA. In fact, the family environment appears to be the most
commonly studied social ecological domain in the context of non-organised PA. This may
reflect national cross-sectional evidence that participation in non-organised PA is more common
among younger children (Australian Bureau of Statistics 2013a) who are more likely to be
dependent on their family members. Notably, the family environment was a focus of the only
known longitudinal study to test predictors of participation in non-organised PA among youth
(Remmers et al. 2014). This Dutch longitudinal study reported that participation in nonorganised PA at 7y was positively predicted by parental education level, the presence of family
rules about active play, parental BMI, the PA level of the parent’s partner and the frequency of
active play at 5y (Remmers et al. 2014). The same study also found that non-organised PA at 7y
was negatively predicted by the parent’s active encouragement of, and desire to improve
participation in non-organised PA at 5y (Remmers et al. 2014). Other family factors that were
found to be unrelated to active play at 7y included parental age, parental supervision of outdoor
play, child autonomy, parental PA and parental intention to improve the child’s participation in
non-organised PA at 5y. It is currently unknown whether these factors may also longitudinally
predict non-organised PA participation among adolescents.
Additional family characteristics have been tested in cross-sequential and crosssectional studies of non-organised PA. For example, a Canadian cross-sequential study found
that living in a two-parent household predicted participation in non-organised PA among males
but not females (Findlay et al. 2010). In cross-sectional studies, participation in non-organised
PA has been positively associated with household income (Asfour et al. 2016), parental PA
(Marques et al. 2014) and parental support for PA (Appelhans & Li 2016; Ferrao & Janssen
2015; McDonald et al. 2015), and negatively associated with having an overseas-born parent
(Cespedes et al. 2013) and certain parenting styles (e.g. hyper-parenting) (Janssen 2015).
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Children’s weekend active play in their home backyard has been significantly associated with
the number of siblings (Veitch et al. 2010) but not necessarily with the amount of PA equipment
in the home (Appelhans & Li 2016). Indigenous status, number of cars in the household and
having electronic equipment in the child’s bedroom have not yet been investigated in the
context of non-organised PA.

Peer characteristics
The recent umbrella review of sociocultural determinants and correlates of overall PA reported
that having a companion for PA was likely to be positively associated with PA participation
(Jaeschke et al. 2017). This is consistent with a recent meta-analysis which found that PA
participation among adolescent girls was positively associated with peer support for PA
(including emotional, instrumental and informational support) (Laird et al. 2016). Beyond
evidence from umbrella reviews and systematic reviews, recent individual studies may provide
a more tentative sense of factors that may be associated with PA participation. For example, PA
participation has been positively associated with having a large number of close friends (Garcia
et al. 2016; Vancampfort et al. 2019) and having peers who participate in PA (Aura et al. 2016;
D’Angelo et al. 2017; Garcia et al. 2016). In addition, PA participation has been negatively
correlated with being bullied (Vancampfort et al. 2019). Peer participation/support has also been
shown to be positively associated with participation in non-organised PA (Spink et al. 2006;
Spink et al. 2012), although other peer-related factors have not been investigated in this context.

Neighbourhood characteristics
A recent umbrella review of physical environment determinants and correlates of overall PA
included 18 systematic reviews and two meta-analyses that included child or adolescent
populations (published between January 2004 – April 2016) (Carlin et al. 2017). This umbrella
review produced relatively mixed and inconclusive findings which may reflect inconsistent
measurements, definitions and/or data quality between studies (Carlin et al. 2017). However,
there was suggestive evidence that neighbourhood accessibility was positively associated with
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children’s PA participation (Carlin et al. 2017). There was also suggestive evidence that PA
participation among adolescents was positively associated with access to neighbourhood PA
infrastructure/equipment (Carlin et al. 2017). Similar findings have been reported in systematic
reviews and meta-analyses published since this umbrella review. Recent meta-analyses have
reported that PA participation among children and adolescents is positively associated with
street intersection density (Jia et al. 2019) and having access to bike lanes (Pan et al. 2020).
However, living in an unsafe neighbourhood has been found to predict a decline in PA
participation (An et al. 2017). PA participation among children has also been positively
associated with temporary road closures and provision of play equipment in the neighbourhood
(Smith et al. 2017). Evidence from recent individual studies may also provide a tentative sense
of factors that may be associated with PA participation. Individual studies have highlighted
other neighbourhood factors that may support PA participation, such as recreation facilities and
social spaces (Loh et al. 2019; Pate et al. 2019), as well as the level of traffic safety (ZahlThanem et al. 2018). PA participation among children has also been shown to be predicted by
parental perceptions of neighbourhood safety (Muthuri et al. 2016; Spurr et al. 2016) and
neighbourhood social cohesion (Muthuri et al. 2016). In Australia, participation in MVPA and
free play has been reported to be generally lower among youth (9-16y) living in major cities
(Dollman et al. 2012), although this is in contrast with another Australian study which reported
a positive association between residential density and MVPA outside school hours among
Australian high school students (Loh et al. 2019).
Neighbourhood characteristics have also been investigated in the context of nonorganised PA, although studies have sometimes produced varying findings. For example, the
perceived level of traffic safety has been positively associated with participation in nonorganised PA among Swiss children (6-10y) (Bringolf-Isler et al. 2010) and Australian children
(8-9y) (Veitch et al. 2010). However, a Dutch longitudinal study reported that non-organised
PA participation at 7y was unrelated to neighbourhood safety at 5y (Remmers et al. 2014). In
addition, participation in non-organised PA among Portuguese teenagers (13-17y) was
positively related to neighbourhood characteristics such as access to shops, street connectivity,
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footpaths and ‘interesting things to look at’ (Mota et al. 2009, p. 237). However, participation in
non-organised PA was not significantly related to availability of parks/gardens among Swiss
children (6-10y) (Bringolf-Isler et al. 2010) and general perceptions of neighbourhood
attractiveness in a Dutch longitudinal study (7y) (Remmers et al. 2014). It is possible that these
variations in findings may be attributable to differences in the geographical context, age groups
and methodological approach of studies (e.g. measurement of outcome variable, research
design). No study has yet examined the relationship between children’s participation in nonorganised PA and parents’ perception of neighbourhood social cohesion.

School characteristics
The recent umbrella review of physical environment determinants and correlates of overall PA
included factors related to the school environment (Carlin et al. 2017). There was an absence of
conclusive evidence in this umbrella review regarding factors such as distance to school or
access to school PA facilities, programs or equipment (Carlin et al. 2017). However, a separate
umbrella review was conducted to investigate policy determinants and correlates of overall PA
(Puggina et al. 2018). This review included six systematic reviews that had investigated policy
determinants and correlates related to children and adolescents (published between January
2004 – April 2016) (Puggina et al. 2018). The most consistent finding in this review was that
PA participation was related to school type, with PA participation being lower among students
who attended vocational schools (Puggina et al. 2018). In addition, a recent systematic review
not included in these umbrella reviews reported positive associations between PA participation
and perceived teacher support for PA, having appropriate PA facilities, having recess exercises,
intramural sports, the campus area per student, school social capital, quality of sports
management, the number of school PA policies and various characteristics of PE lessons (e.g.
positive feedback, learning climate) (Morton et al. 2016). Individual studies may also provide
tentative evidence of other school characteristics that may be associated with PA participation
among children and adolescents. For example, individual studies have positively linked PA
participation with participation in PE classes (Cheah et al. 2016; Forthofer et al. 2017;
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Vancampfort et al. 2019) and active commuting to school (Ferrari et al. 2016; Khan et al. 2017).
Other school-related correlates of PA include parents’ level of satisfaction with their child’s
school (Aura et al. 2016) and children’s self-rated academic performance (Cheah et al. 2016).
None of these factors have been specifically assessed in the context of non-organised PA,
except for academic performance which was not significantly associated with participation
(Poulain et al. 2018). In addition, school recess play has been positively associated with
attendance at higher SES primary schools in the UK (McWhannell et al. 2019).

2.3.3 Beyond the microsystem
The recent umbrella review of policy determinants and correlates of PA included some policies
that do not fit within the microsystem such as transport policies, land use policies and mass
media campaigns (Puggina et al. 2018). However according to this umbrella review, these
policies have only been assessed in the context of adult participation in PA (Puggina et al.
2018). Beyond this, individual studies may provide tentative evidence of other factors beyond
the microsystem that may be related to PA participation. For example, the breadth of parents’
social networks has been found to be predictive of children’s PA participation (Iguacel et al.
2017), even though the child does not directly participate in these networks. To date, no study
has examined the relationship between parents’ social networks and children’s participation in
non-organised PA. Despite inconsistent findings in a recent umbrella review for overall PA
(Carlin et al. 2017), participation in non-organised PA has been shown to be higher during
warmer months of Spring and Summer in Portugal (Santos et al. 2005) or at times of the year
with longer periods of sunlight in the UK (Goodman et al. 2012).

2.3.4 Summary of potential predictors of non-organised PA
The previous sections highlighted a total of 29 studies that examined the correlates or predictors
of participation in non-organised PA during childhood or adolescence. Almost all of these
studies used a cross-sectional design (n=27). One longitudinal study was identified that had
tested longitudinal predictors of non-organised PA participation (Remmers et al. 2014),
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although this study was conducted with young children aged between 5y and 7y. Additionally,
one Canadian study used a cross-sequential design to test four potential predictors of nonorganised PA trajectories between 4y and 17y (parent education, household income, dual-parent
status and rurality) (Findlay et al. 2010). However, no comprehensive longitudinal
investigations have been identified that tested the predictors of non-organised PA participation
between childhood and adolescence. In addition, a large number of potential predictors of
overall PA have not yet been tested in the context of non-organised PA (see Figure 2.3).
Therefore, an examination of potential predictors across the levels of the social ecological
framework may be useful for highlighting potential bases for market segmentation, as well as
modifiable targets for PA interventions.
According to the social marketing framework, a particularly important group of
predictors relates to the ‘competitors’ of PA. As discussed in Section 2.1, these ‘competitors’
are alternative behaviours that may contend with the domains of PA for the time and attention
of adolescents (National Social Marketing Centre 2011). The next section of the literature
review describes the current state of knowledge regarding the potential competitors of overall
PA and non-organised PA.

2.4 Potential competing priorities during adolescence
2.4.1 Behavioural correlates and typologies - overall PA
Adolescence is a time of substantial physical, social and emotional change (DiClemente et al.
2009). During this stage of life, adolescents often develop new priorities and preferences that
may compete with PA participation (Corr et al. 2019; Kumar et al. 2016). Information about
these changing priorities and preferences may support the development of social marketing
strategies to promote PA participation during this stage of life (National Social Marketing
Centre 2011).
The recent umbrella review of behavioural correlates and determinants of PA provides
one source of information about activities that may compete with PA participation during the
transition to adolescence (Condello et al. 2017). For example, most studies in this umbrella
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review reported that PA participation was negatively associated with TV viewing (Marshall et
al. 2004; Pearson et al. 2014; Stanley et al. 2012). A subsequent systematic review has also
reported that youth who consistently participate in PA during adolescence tend to have a
concurrent decline in TV viewing (Lounassalo et al. 2019). Additionally, most studies included
in the recent umbrella review reported that PA participation was negatively correlated with the
use of video/computer games (Marshall et al. 2004; Stanley et al. 2012). Other potential
competing activities such as computer use, homework and reading were not significantly
associated with PA participation in one meta-analysis (Pearson et al. 2014), although a recent
individual study has reported that reading for pleasure at 11y negatively predicted MVPA time
at 14y in the UK (Mak & Fancourt 2020).
As an important caveat to these findings, meta-analytic evidence has indicated that the
extent of displacement between PA participation and specific sedentary behaviours (SBs) tends
to be fairly weak (Pearson et al. 2014). Therefore, rather than studying individual behaviours in
isolation, it has become more common in recent years to identify segments or ‘typologies’ of
youth who have similar patterns of participation across a range of behaviours (Parker et al.
2019). Based on a recent systematic review, 11 studies have been identified that developed
behaviour typologies based on only PA participation and specific types of SB (Parker et al.
2019). It should be noted that participation in PA and SB are generally not considered mutually
exclusive, as many studies in this review presented segments that were characterised as high
PA/high SB or low PA/low SB (Parker et al. 2019). However, the studies do highlight some
segments of youth that may warrant particular attention in health promotion strategies. For
example, a number of studies have highlighted segments of youth defined by low PA
participation and greater time spent watching TV/videos (Kantomaa et al. 2016; Kim et al.
2016; Lee 2014; Nuutinen et al. 2017; Patnode et al. 2011; Spengler et al. 2015; Veloso et al.
2012; Wang et al. 2012). Other segments with low PA participation have tended to spend
greater time using the internet/computers (Kim et al. 2016; Nuutinen et al. 2017; Patnode et al.
2011; Spengler et al. 2015) or playing video games (Lee 2014; Patnode et al. 2011; Spengler et
al. 2015). Such segments are most often characterised as being more likely to be older
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(Nuutinen et al. 2017; Patnode et al. 2011; Wang et al. 2012), female (Kim et al. 2016; Lee
2014; Patnode et al. 2011) and overweight/obese (Kim et al. 2016; Veloso et al. 2012; Wang et
al. 2012). Importantly, only one of the aforementioned studies had a longitudinal design (Lee
2014), and this study used static measures at each wave to identify segments rather than using
measures of change. By contrast, identifying segments of youth based on changes in behaviour
may allow potential competing priorities to be highlighted more clearly.

2.4.2 Behavioural correlates and typologies - non-organised PA
Compared with overall PA, there is relatively limited evidence about the alternative activities
that may compete with non-organised PA during childhood and adolescence. Based on the
literature presented in Section 2.3, only two known studies have tested the association between
non-organised PA and alternative activities during childhood and/or adolescence (Auhuber et al.
2019; Veitch et al. 2010). Auhuber and colleagues (2019) reported a negative relationship
between overall screen time and non-organised sports participation among German youth aged
10-18y. In addition, Veitch and colleagues (2010) reported that Australian children aged 8-9y
who preferred ‘to do things that do not involve physical activity’ were less likely to play in their
family yard on weekend days. Notably, both of these studies were limited to cross-sectional
analyses. The use of longitudinal data in future studies may be particularly helpful for
highlighting simultaneous changes in different activities among the same sample.
Social marketing strategies may also be enhanced by identifying typologies of youth
based on patterns of participation in non-organised PA and other behaviours. This may reveal
the interests and preferences of particular segments of youth, which may support the
development of tailored messages and PA interventions for these segments (Dibb 2017).
However, a systematic review (Parker et al. 2019) and a search of literature published since
2019 has revealed only three studies of adolescent time-use segments that included nonorganised PA (Landsberg et al. 2010; Patnode et al. 2011; Spengler et al. 2015). In two of these
studies, the segments with the lowest participation in non-organised PA tended to have a high
probability of engaging in sedentary behaviours such as internet/computer use (Patnode et al.
32

2011; Spengler et al. 2015), console gaming (Spengler et al. 2015) and, among girls, reading
and using a phone (Patnode et al. 2011). The third study also included diet and lifestyle factors
(e.g. smoking) as input variables in the exploratory analysis which prevents the clear
identification of alternative behaviours that may compete with non-organised PA (Landsberg et
al. 2010). All three of these studies collected activity-related data at a single time-point which
prevents the identification of typologies based on changes in behaviour (Landsberg et al. 2010;
Patnode et al. 2011; Spengler et al. 2015). Therefore, identifying segments of youth based on
longitudinal changes in behaviour may provide a clearer picture of activities and interests that
may compete with non-organised PA in the transition to adolescence.

2.5 Social norms related to PA participation during adolescence
Another factor that may be related to changes in domain-specific PA participation during
childhood and adolescence is normative social influence. Social norms are ‘informal rules that
govern behaviour in groups and societies’ (Bicchieri et al. 2018), and these are commonly
differentiated into descriptive and injunctive norms (Cialdini et al. 1991). Descriptive norms are
behaviours that are observed in others (Cialdini et al. 1991), such as the type of PA that others
engage in. These descriptive norms often influence the formation of injunctive norms, which are
value judgements about how things ‘ought to be’ (e.g. whether a particular form of PA
participation is appropriate) (Cialdini et al. 1991). The concept of social norms may be
particularly helpful for exploring changes in PA participation during adolescence, as
susceptibility to peer influence is thought to peak during this stage of life (Blakemore & Mills
2014). This section of the literature review explores social norms related to PA participation
during adolescence, including age-related norms, sex-related norms, enablers of challenging
norms, and potential opportunities for PA promotion.

2.5.1 Age-related norms
Evidence from two recent systematic reviews of qualitative studies indicate that an emphasis on
competition often dissuades youth from participating in PA (Corr et al. 2019; Somerset & Hoare
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2018). This was particularly evident in a systematic review of studies conducted with adolescent
girls, as studies showed that girls often felt stressed due to the development of an increasingly
serious and performance-driven PA climate during this stage of life (Corr et al. 2019). This shift
toward more competitive and serious activities during adolescence has often been attributed to
adult influence, including from parents (Stefansen et al. 2018; Wheeler & Green 2019) and
coaches (Campbell et al. 2018; Walters et al. 2015). Many parents encourage children to
participate in organised sports due to their own deep commitment to these activities (Stefansen
et al. 2018) or due to the perception that organised sports will help their children develop
physical, social and cognitive competencies (Sohun et al. 2020). In addition, adolescents
sometimes perceive that their school also contributes to this performance-oriented PA climate
(Martins et al. 2018). In particular, high school PE lessons often emphasise more complex skills
compared with those in primary school (Azzarito & Hill 2013; Yungblut et al. 2012). This may
be linked with the process of sport specialisation, in which youth are encouraged to participate
in a limited number of sports with greater emphasis on formal competition and deliberate
practice (Bell et al. 2018).
Due to this shift toward a more competitive, performance-oriented PA climate, many
youth begin to associate PA almost exclusively with competitive team sports during
adolescence (Bélanger et al. 2011; Casey & Quennerstedt 2015; Sundar et al. 2018). During this
stage of life, adolescents may encounter a new sense of social hierarchy that benefits youth who
are good at sports and excludes those who lack the physical skills required for participation
(Massey et al. 2019; Owen et al. 2019). As a result, adolescents may feel more pressure to
perform and win, which may lead youth to avoid PA participation due to fear of peer judgement
for letting down team members (Corr et al. 2019; Somerset & Hoare 2018). The increased
emphasis on performance and competition may also alienate youth who value non-achievementrelated benefits of PA, such as friendship, inclusion and a positive sense of self (Knowles et al.
2011; MacPhail et al. 2008). These changes may particularly influence participation in nonorganised PA during adolescence, as this domain tends to include types of PA that are less
serious and performance-oriented (e.g. active play) (Active Healthy Kids Australia 2016).
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Adolescence is also a stage of life that is characterised by increasing independence from
childhood identifiers, such as family (Gilmore & Meersand 2014). Thus, adolescents may also
withdraw from PA participation due to their newfound freedom to choose their own leisure
activities with less parental influence (Emm-Collison et al. 2019). In addition, the transition
from primary to high school is often a particular milestone in which peers tend to become more
important in shaping social norms (Wheatley et al. 2018). As a result, youth may be particularly
concerned about fitting in with normative PA preferences and avoiding types of PA that may be
viewed as ‘childish’ during adolescence (Devís-Devís et al. 2015). Some adolescents may face
the choice of either engaging in ‘adult’ PA characterised by competition and performance
(Martins et al. 2015), or be judged by their peers for engaging in ‘childish’ PA (Devís-Devís et
al. 2015). At this point, such adolescents may drop out of PA altogether because neither option
is appealing (Walters et al. 2015). This distinction between ‘childish’ and ‘adult’ types of PA
warrants further exploration because it is currently unclear which specific activities are
considered ‘childish’ and why. Such an exploration may highlight opportunities to adapt
‘childish’ activities to be more appropriate for adolescents. This strategy may particularly
engage adolescents who are motivated by extrinsic, non-performance aspects of PA such as
social affiliation and mutual experience (Scanlan & Lewthwaite 1986; Wiltshire et al. 2017).

2.5.2 Sex-related norms
Previous qualitative studies about PA participation during childhood and adolescence have often
focussed on female participants only (Corr et al. 2019; Martins et al. 2015; Somerset & Hoare
2018). This reflects the well-documented finding that many girls perceive PA to be unfeminine
and that many sports are only for boys (Corr et al. 2019; Fernandez-Lasa et al. 2020). Girls may
also be wary of physical exertion due to self-presentational concerns such as avoiding
perspiration/mess (Lopez 2019; Spencer et al. 2015), self-consciousness due to puberty/body
image (Corr et al. 2019; Devís-Devís et al. 2015; Lopez 2019), or fear of being less attractive to
boys (Spencer et al. 2015). As a result, adolescent girls may avoid PA participation in public
settings and instead choose to exercise in private places such as their bedroom (Azzarito & Hill
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2013). Girls who remain active during adolescence often prefer social and non-competitive
activities (James et al. 2018; Owen et al. 2019) such as yoga or active video games (Azzarito &
Hill 2013). Such non-competitive activities are often motivated by extrinsic, non-performance
factors such as weight loss (Martins et al. 2015) or social affiliation (Mikaelsson et al. 2019). By
contrast, those who continue to participate in organised activities often have additional motives,
including intrinsic factors such as personal mastery or enjoyment in the activity itself (Martins
et al. 2015).
Compared with girls, the evidence about barriers to PA participation among adolescent
boys is relatively limited (Martins et al. 2015; Somerset & Hoare 2018). Nevertheless, there is
some evidence that boys may face social pressure to conform to masculine ideals represented in
organised sports (Wiltshire et al. 2017), such as physical prowess (Metcalfe 2018), aggression
(Walters et al. 2015) and competition (Stewart et al. 2020). However, some boys may refrain
from participating in organised sports, either voluntarily or involuntarily, due to a lack of
perceived competence (Mennesson et al. 2019), a lack of interest in competition (Mennesson et
al. 2019) or due to weight concerns (Devís-Devís et al. 2015; Thompson et al. 2003). Despite
this, boys may be afraid to engage in non-traditional types of PA that deviate from masculine
ideals due to fears of stigmatisation and discrimination from their peers (Gerdin 2017; Piedra
2017). An understanding of other social norms that relate to boys’ participation in nonorganised PA during adolescence may help to inform targeted PA promotion strategies.

2.5.3 Enablers of challenging norms
In some circumstances, adolescents may challenge social norms related to PA participation.
However, the evidence again appears to be slightly stronger in regard to the experiences of girls
(Azzarito & Hill 2013; Bevan et al. 2020; Craike et al. 2009; Elliott et al. 2020; Whitehead &
Biddle 2008) compared with boys (Jakubowska & Byczkowska-Owczarek 2018; Piedra 2017).
Academic literature provides some examples of girls persisting in traditionally ‘male’ forms of
PA, such as Australian rules football (Bevan et al. 2020; Elliott et al. 2020), cricket (Bevan et al.
2020; Craike et al. 2009), rugby (Whitehead & Biddle 2008) and military cadet programs
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(Azzarito & Hill 2013). Girls’ participation in these types of PA tended to be supported by
family members (Azzarito & Hill 2013; Craike et al. 2009), team-mates, mentors and role
models (Bevan et al. 2020), and the atmosphere of the sports club (Elliott et al. 2020). By
contrast, only a small number of known studies have explored boys’ participation in nontraditional types of PA such as dance (Jakubowska & Byczkowska-Owczarek 2018) and
rhythmic gymnastics (Piedra 2017). These boys were also supported and encouraged in their
participation by family members, with mothers often playing a particularly supportive role
(Piedra 2017). Thus, family support appears to be a common supporting factor for challenging
social norms among both genders, although girls appear to have additional sources of support.
However, it is notable that all of the studies described above have explored the enablers of
challenging sex-related norms during adolescence. An exploration of the enablers of challenging
age-related norms may also inform strategies to overcome challenges to non-organised PA
participation during adolescence.

2.5.4 A potential opportunity for PA programs
PA programs, such as those offered at public facilities such as recreation centres, may be an
influential strategy for reaching inactive adolescents. However, adolescents often perceive that
PA options become reduced and undiversified in adolescence (Azzarito & Hill 2013; Bélanger
et al. 2011; McEvoy et al. 2016). Some adolescents have expressed a desire to have more choice
over the types of PA that are made available to them (Owen et al. 2019), including some options
that may be unconventional for their age group (e.g. games similar to ‘dodge ball’ but with selfdetermined teams and rules) (James et al. 2018). A potential solution may be developed by
drawing on aspects of Högman’s ‘organised spontaneous sport’ model (Högman & Augustsson
2017). In brief, this program invited adolescents to participate in facilitated sports in a noncompetitive atmosphere which allowed games to be improvised or modified by participants.
Participants perceived that this program allowed a greater focus on fun, as opposed to the more
serious and demanding nature of organised sports (Högman & Augustsson 2017). However, this
program was still largely focussed on participation in conventional sports because the decision37

making process was often dominated by physically-skilled boys (Högman & Augustsson 2017).
As a result, the authors recommended that future interventions emphasise less traditional types
of PA with a greater focus on ‘social values, play and equality’ (Högman & Augustsson 2017,
p. 1146). Therefore, a program that draws on and extends aspects of this model may be an
effective means of facilitating non-organised PA among adolescents.

2.6 Gaps in the literature
A recurring theme of this literature review is that non-organised PA appears to be an underresearched domain of PA, especially among adolescents. Among the studies included in a
systematic review conducted by the candidate (see Chapter 3), only two studies had explored
longitudinal changes in non-organised PA between childhood and adolescence (Eime et al.
2016; Rauner et al. 2015), and the overall synthesis of these studies was inconclusive. In
addition, none of the included studies had explored longitudinal changes in more than two
domains of PA simultaneously in the same cohort. Therefore, an exploration of longitudinal
changes in non-organised PA, organised PA, active transport and active chores/work among
Australian youth may be useful to clarify whether any of these domains of PA are particularly
prone to decline.
In addition, although a plethora of studies have explored the predictors and correlates of
overall PA during childhood and adolescence, relatively few studies have done so in the context
of non-organised PA. As discussed in Section 2.3, a range of predictors and correlates of overall
PA have not yet been tested in the context of non-organised PA. These span various levels of
the social ecological model, including the child’s physical, psychosocial and behavioural
characteristics, as well as at the family, school, peer and neighbourhood levels. In addition, no
longitudinal studies were identified that sought to explore the predictors of non-organised PA
between childhood and adolescence. Such an exploration could be useful for identifying
longitudinal predictors of youth who are at risk of low participation in non-organised PA during
early adolescence.
Research gaps have also been identified in relation to alternative activities that may
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‘compete’ with non-organised PA in the transition to adolescence. Only two cross-sectional
studies were identified that tested the association between non-organised PA and alternative
activities (e.g. screen time) (Auhuber et al. 2019; Veitch et al. 2010). A longitudinal exploration
would be helpful to extend these studies by determining whether particular activities are likely
to compete with non-organised PA in the transition from childhood to adolescence.
Furthermore, no studies have been identified that explored segments or ‘typologies’ of youth
based on longitudinal changes in non-organised PA and other activities between childhood and
adolescence. Such an exploration may be useful in highlighting activities that are most likely to
compete with non-organised PA among certain youth segments in the transition to adolescence.
Finally, qualitative evidence suggests that normative changes tend to occur in relation to
PA participation during the transition to adolescence. In particular, youth often perceive the
development of an increasingly serious and performance-driven PA climate during adolescence
(Corr et al. 2019) and this may influence youth to avoid ‘childish’ types of PA (Devís-Devís et
al. 2015). Further research would be helpful to identify the specific types of PA that are
perceived to be ‘childish’, as well as the reasons for these perceptions. In addition, no studies
were identified that explored the enablers of challenging age-related norms associated with nonorganised PA participation during adolescence. Such evidence may inform strategies to assist
youth in overcoming barriers to non-organised PA participation during adolescence.
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Chapter 3: Longitudinal changes in domains of physical
activity during childhood and adolescence: a systematic
review

The previous chapter provided an overview of the theoretical concepts and extant literature
related to this dissertation. This included a summary of the key findings of a systematic
literature review conducted by the candidate. The following chapter contains this published
systematic literature review, which sought to review longitudinal changes in domains of PA
participation during childhood and adolescence.

This chapter sought to address the following research question:

Research Question 1:
How does the duration of overall PA, non-organised PA, organised PA, active transport and
active chores/work change between late childhood (10-11y), early adolescence (12-13y) and
mid-adolescence (14-15y)?

This chapter has been published as:
Kemp, BJ, Cliff, DP, Chong, KH & Parrish, A 2019, ‘Longitudinal changes in domains of
physical activity during childhood and adolescence: a systematic review’, J Sci Med Sport, vol.
22, no. 6, pp. 695-701. doi: https://doi.org/10.1016/j.jsams.2018.12.012.
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3.1 Background
Regular PA participation is associated with a number of health benefits for children and youth
(Poitras et al. 2016). However, the results of global analyses suggest that youth are generally not
meeting PA recommendations (Hallal et al. 2012; World Health Organization 2010). PA
participation declines over the life course (Sallis 2000) and this decline is particularly steep
during adolescence at around 7% per year (Dumith et al. 2011). However, the reasons for this
intra-individual decline in PA participation are still not fully understood, particularly in the
transition from childhood to adolescence (D’Haese et al. 2016).
One area of emerging research interest is the context in which PA occurs, known as the
domain (D’Haese et al. 2016) or mode (Eime et al. 2016) of PA. Domains of PA during
childhood and adolescence can include organised PA (e.g. organised sport), non-organised PA
(e.g. active play or non-organised sport), active transport (e.g. walking to school) (Active
Healthy Kids Australia 2016) and active chores/work (e.g. lawn mowing, shoveling) (Brooke et
al. 2014; Lee 2014). Analysis of domains of PA may provide a more nuanced understanding of
behaviour that is potentially lost in studies reporting more general outcomes such as moderateto-vigorous intensity physical activity (MVPA) (De Baere et al. 2015). While studies reporting
overall PA are useful in determining whether youth are sufficiently active, a better
understanding of longitudinal changes in domains of PA may provide more specific behavioural
targets for intervention. Previous narrative reviews have noted trends such as a decline in nonorganised sport participation during adolescence (Sallis 2000) or an increase in organised sport
participation in early adolescence followed by drop-out a few years later (Salmon & Timperio
2007). Although such findings may seem axiomatic, it is worth noting that these review papers
are more than 10 years-old and did not systematically review the evidence base.
Therefore, the aim of this study was to review longitudinal (intra-individual) changes in
the frequency and duration of participation in four PA domains during childhood and
adolescence (5-18y): organised PA, non-organised PA, active transport and active chores/work.
These findings may be used to develop differentiated PA promotion strategies for youth
focussing on PA domains that are either resistant (Brooke et al. 2014; Sallis 2000) or prone
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(Sallis 2000) to decline (e.g. targeted social marketing campaigns or after-school sports
programs).

3.2 Methods
This systematic review was conducted in accordance with recommendations of the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) Statement (Moher et al.
2009). A study protocol was registered on PROSPERO, the international prospective register of
systematic reviews, prior to commencement (CRD42017076888).
A systematic literature search was conducted using five electronic databases
(MEDLINE, PsycINFO, SCOPUS, SPORTDiscus and Web of Science Core Collection). In
some contexts, PA participation has been found to be prone to secular as well as longitudinal
changes (Knuth & Hallal 2009), so the present review was limited to full-text journal articles
published within January 1997 – April 2018. The search strategy is provided in Appendix A
(supplementary material)1. Search results were imported into an Endnote X7 library (Clarivate
Analytics 2017). Additional papers were sourced from the reference lists of included studies.
Database searches were conducted up to 30 April 2018. Two authors (BK and KHC)
independently screened all search results for inclusion based on titles/abstracts and then full-text
articles if further detail was required. Reviewers agreed in their initial assessment of full-text
articles in almost 80% of cases (153/193 articles). Discrepancies were resolved by discussion
between the two reviewers. If consensus could not be reached a third researcher (AMP or DC)
reviewed the article and made a determination.
The review included longitudinal, observational studies that measured the domains of
organised PA, non-organised PA, active transport or active chores/work on at least two timepoints during childhood and/or adolescence. Childhood was defined as starting at 5y and ending
before 13y. Adolescence was defined as spanning 13 to 18y. The mean age of participants was
used to determine eligibility where studies included participants of various ages (e.g. 10-15y old

1

Note: hyperlinks are provided in this thesis to allow ease of access to Appendices.
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at baseline). Where studies only reported the age range without reporting the mean, the middle
point in the range was used to classify studies. Papers were included if they were written in
English and published or accepted/in-press in a peer-reviewed journal article at the time of
review. Books and book chapters, conference abstracts, study protocols, dissertations and nonscholarly sources were excluded.
Studies were excluded if participant groups were selected on the basis of PA status (e.g.
sufficiently active or inactive), PA ability (e.g. motor coordination) or a pre-existing health
condition or disability (including overweight or obesity). Studies that stratified data by the
above variables without providing a total for the whole sample were also excluded. In addition,
studies were excluded if the data was not reported for the same participants over time or if the
interval between baseline and final follow-up measurement was less than 12 months.
Intervention studies and qualitative studies were also excluded.
Studies were excluded if they only measured participation in specific sports or activities
(e.g. tennis or swimming). Active transport to school was included because it generally
comprises a substantial proportion of overall active transport (D’Haese et al. 2015; Garrard
2009). Objective measurement of PA was not required for inclusion in the present study. It was
expected that most studies in the review would utilise self-reported data because objective
methods such as accelerometry cannot easily determine the context in which PA occurs (Warren
et al. 2010).
Duplicate publications were identified and excluded based on the author(s), article title
and journal name. To avoid double-counting, publications were also considered as duplicate if
they reported data for the same cohort and PA domain at the same time points (regardless of the
lead author or article title). Such publications were identified based on the study name, place
and year of data collection, age of respondents, sample sizes and/or outcomes. In the event of
overlapping publications, the article with the largest analytic sample size was included in the
review.
A piloted form was used to extract information from in-scope studies by one researcher
(BK) and this was checked by a second researcher (KHC). During the preliminary testing phase
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of the review, it was observed that not all studies adhered to a uniform definition of each PA
domain. Therefore, the PA domains of included studies were classified according to a set of
predetermined definitions (see Appendix B).
The risk of bias (ROB) assessment for the present review was developed in accordance
with PRISMA guidelines. Three domains were used to assess ROB, adapted from Cliff and
colleagues (2016): (1) were the participants likely to be representative of the target population?
(selection bias); (2) did an adequate proportion (≥70%) (Fitz & Tryon 1989) of participants have
complete data? (attrition bias); and (3) did the study demonstrate adequate reliability and/or
validity of the PA outcome(s)? (intraclass correlation coefficient ≥0.4; Cohen’s kappa ≥0.4;
correlation coefficient ≥0.5) (Cicchetti 1994) (detection bias). Each of these items were
independently coded by two reviewers (BK and KHC) as ‘low’, ‘unclear’ or ‘high’ ROB for
each study. An overall rating of ‘low’ ROB was applied if at least 2/3 items were classified as
‘low’ ROB. The reviewers demonstrated 84% agreement based on initial criterion assessments
(63 out of 75 items) which represented significant inter-rater agreement (κ = 0.76, p < .001).
Any discrepancies were then resolved in a discussion between the two reviewers. If consensus
could not be reached, a third researcher (AMP or DC) made a determination. Studies were not
excluded from the present review based on ROB.
Aggregate data analysis was not considered appropriate for this review due to the
degree of heterogeneity among the included studies. Differences across studies included the
details of PA measurement (e.g. reference period, data type), number of follow-up
measurements and the follow-up interval. A descriptive synthesis was instead developed by
grouping studies according to PA domain and the age span of participants (within childhood /
between childhood and adolescence / within adolescence). Longitudinal changes were
categorised as an ‘increase’ or ‘decline’ if the change was statistically significant (p<0.05);
otherwise studies were categorised as ‘no change’. Statistical significance was taken as reported
by journal articles, although many articles (n=13) did not state the statistical significance of the
data of interest. In these cases it was possible to manually calculate the significance of changes.
McNemar’s Test (Bland 2015) was used to determine the significance of data from seven
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studies (Brooke et al. 2014; Coombes et al. 2014; Murtagh et al. 2016; Panter et al. 2013;
Raustorp et al. 2007; Veitch et al. 2017; Vella et al. 2015) and confidence intervals for paired
proportions were calculated as detailed by Twisk (2003) for six studies (Chillón et al. 2012;
Eime et al. 2016; Falconer et al. 2015; Koning et al. 2016; Lee 2014; Martinez-Gomez et al.
2014). Independent-samples t-tests were performed on mean data provided by two studies
(Carver et al. 2011; De Meester et al. 2014) because paired data were not available. Further
details about manual calculations are provided in Appendix C.

3.3 Results
Of the 5,517 studies identified, 193 full-text articles were retrieved and 23 articles were
included in the review (Figure 3.1). Table 3.1 describes the characteristics of the included
studies. The analytic sample sizes of included studies ranged from 97 (Raustorp et al. 2007) to
7,418 (Murtagh et al. 2016). Overall, the included studies cumulatively reported data from
27,231 participants. Most studies were conducted in Europe (n=14)2 but others were conducted
in Australia (n=5) (Carver et al. 2009; Carver et al. 2011; Eime et al. 2016; Veitch et al. 2017;
Vella et al. 2015), Asia (n=2) (Dearth-Wesley et al. 2012; Swaminathan et al. 2011), North
America (n=1) (Lee 2014) and South America (n=1) (Martinez-Gomez et al. 2014). Most
studies reported longitudinal data that spanned the transition from childhood to adolescence
(n=13), although some reported trends within childhood (n=10) (Carver et al. 2009; Carver et al.
2011; Coombes et al. 2014; Dearth-Wesley et al. 2012; Koning et al. 2016; Moraeus et al. 2015;
Panter et al. 2013; Rääsk et al. 2015; Swaminathan et al. 2011; Vella et al. 2015) or within
adolescence (n=6) (Carver et al. 2009; Eime et al. 2016; Falconer et al. 2015; Lee 2014;
Raustorp et al. 2007; van Mechelen et al. 2000). Most studies collected data at two in-scope
time-points (n=17) but some had collected data at three (n=5) (Carver et al. 2011; Eime et al.
2016; Falconer et al. 2015; Rääsk et al. 2015; Raustorp et al. 2007) or four (n=1) (van Mechelen

2

To improve readability, citations of more than 10 references have been excluded from this chapter and
are reported in the full version of Table 3.1 included in the ‘Other Supplementary Materials’ section of
this thesis.
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et al. 2000) in-scope time-points. The average interval between time-points was 2.5 years
(range: 1-6 years). Most studies only measured one domain of PA (n=19) but some studies
measured two domains (n=4) (Dearth-Wesley et al. 2012; Eime et al. 2016; Rauner et al. 2015;
van Mechelen et al. 2000). No studies measured more than two domains of PA, although one
study included a third category of ‘other PA’ which was not classifiable in this review (van
Mechelen et al. 2000). All studies collected data using a questionnaire or interview. Few studies
had a low risk of bias (n=6) (Carver et al. 2009; Carver et al. 2011; De Meester et al. 2014;
Murtagh et al. 2016; Rauner et al. 2015; Vella et al. 2015).

Figure 3.1 Flowchart of search results and the selection process (systematic review)
5517 articles identified
5515 through
database searching
2 from other sources

193 full-text articles
reviewed

23 articles included in
the review

5324 excluded based on title/abstract
5313 did not meet inclusion criteria
10 conference proceedings / research digests
1 errata/reissue

170 excluded based on review of full-text:
75: Participation in PA domain(s) not reported
46: Duration/frequency data for PA participation were
not reported for multiple time-points during 5-18
years
20: Results not reported for the same respondents over
time
10: Not a longitudinal design: cross-sequential (5),
retrospective (2), review paper (2), cross-sectional
(1),
5: Intervention study
5: Reporting stratified by another variable such as PA
level (2), smoking status (2) or PA ability (1) with no
totals given
3: Sample selected on basis of PA status (2) or health
condition (1)
3: Data reported in other included articles
2: Participation measured using different reference
periods at baseline & follow-up
1: Less than 12 months between baseline & final followup
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Table 3.1 Characteristics of included studies (reduced table) *
Study characteristic
Number of studies (%)a
Year of publication
1997-2007
2 (9%)
2008-2012
5 (22%)
2013-2017
16 (70%)
Sample size for paired analysis
Less than 100
1 (4%)
100-399
11 (48%)
400-699
5 (22%)
700-999
1 (4%)
Over 1000
5 (22%)
Continent of data collection
Europe
14 (61%)
Australia
5 (22%)
Asia
2 (9%)
North America
1 (4%)
South America
1 (4%)
b
Age span measured
Within childhood (5-12y)
10 (43%)
Transition from childhood to adolescence
13 (57%)
Within adolescence (13-18y)
6 (26%)
Number of in-scope time-points
Two
17 (74%)
Three
5 (22%)
Four
1 (4%)
Number of domains of PA measured
One
19 (83%)
Two
4 (17%)
Domain of PA measuredbc
Active transport
13 (57%)
Organised PA
9 (39%)
Non-organised PA
3 (13%)
Active chores
2 (9%)
* Due to UOW thesis formatting requirements, this table has been reduced from its original published
form. The full table, including references, can be found in the ‘Other Supplementary Materials’ section at
end of thesis.
a. Some percentages will add to more than 100% due to rounding
b. Results for these items will add to more than 100% because some studies measured more than one age
period and/or domain of PA
c. van Mechelen et al. (2000) included a third category of ‘other PA’ which was not classifiable in this
review
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The majority of studies that reported longitudinal data for the active transport domain
reported a significant increase in participation during childhood (n=3/6) (Carver et al. 2009;
Dearth-Wesley et al. 2012; Panter et al. 2013) followed by a plateau during the transition to
adolescence (n=5/8) (Carver et al. 2011; Chillón et al. 2012; Falconer et al. 2015; Gubbels et al.
2016; Veitch et al. 2017) and no change (n=1/2) (Carver et al. 2009) or decline (n=1/2)
(Falconer et al. 2015) during adolescence. Only one study reported a significant decline in
participation during childhood, although this study was restricted to participants who adhered to
the same travel mode (active/passive) on the journey to and from school (Coombes et al. 2014).
In addition, one study reported a significant decline in active transport within adolescence (from
14y to 16y) (Falconer et al. 2015). This study had measured active transport as a categorical
variable (usual mode of transport) (Falconer et al. 2015), whereas the study that reported a
stable trend had measured active transport as a continuous variable (number of active trips per
week) (Carver et al. 2009). In addition, the study that reported a decline had measured school
transport only (Falconer et al. 2015), whereas the study that reported a stable trend was not
limited to school transport (Carver et al. 2009). There did not appear to be any substantial sex
differences in active transport participation during childhood and adolescence. The full details
of all studies in the active transport domain can be found in Appendix D.
Only four studies of active transport were deemed to have a low ROB (Carver et al.
2009; Carver et al. 2011; De Meester et al. 2014; Murtagh et al. 2016). In terms of attrition bias,
four studies were coded as low ROB (Carver et al. 2009; Martinez-Gomez et al. 2014; Murtagh
et al. 2016; Swaminathan et al. 2011). The other studies had more than 30% of data missing
(high ROB) (Carver et al. 2011; Chillón et al. 2012; Coombes et al. 2014; De Meester et al.
2014; Dearth-Wesley et al. 2012; Falconer et al. 2015; Gubbels et al. 2016; Panter et al. 2013;
Veitch et al. 2017). Four studies were coded as having a low risk of detection bias (Carver et al.
2009; Carver et al. 2011; De Meester et al. 2014; Veitch et al. 2017). Detection bias was rated as
unclear for the other studies, as validity and reliability information was either not reported at all
(n=5/13) (Coombes et al. 2014; Dearth-Wesley et al. 2012; Martinez-Gomez et al. 2014; Panter
et al. 2013; Swaminathan et al. 2011), based on a measure with a different reference period
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(n=2/13) (Chillón et al. 2012; Falconer et al. 2015), based on an adult sample (n=1/13) (Gubbels
et al. 2016) or reported for overall PA but not for the specific domain (n=1/13) (Murtagh et al.
2016). In terms of selection bias, six studies were coded as low ROB (Carver et al. 2009; Carver
et al. 2011; De Meester et al. 2014; Dearth-Wesley et al. 2012; Murtagh et al. 2016; Panter et al.
2013). Five studies were deemed to have a high risk of bias, due to the exclusion of population
segments (e.g. rural areas) (n=3/13) (Chillón et al. 2012; Coombes et al. 2014; Veitch et al.
2017), the use of purposive/convenience sampling (n=1/13) (Swaminathan et al. 2011), or an
inadequate sampling frame (n=1/13) (Falconer et al. 2015). Two studies were considered to
have an unclear risk of selection bias because inadequate information was provided in the article
(Gubbels et al. 2016; Martinez-Gomez et al. 2014). When longitudinal results are limited to
studies with a low ROB, most studies reported an increasing (n=1/2) (Carver et al. 2009) or
stable (n=1/2) (Carver et al. 2011) pattern in childhood, an increasing (n=2/3) (Carver et al.
2011; De Meester et al. 2014) pattern in the transition to adolescence, and no change during
adolescence (n=1/1) (Carver et al. 2009). ROB ratings for all included studies are provided in
Appendix E.
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Table 3.2 Summary of longitudinal changes in domains of PA, by age period (reduced
table) *

Active
chores

Nonorganised PA

Organised
PA

Active
transport

Domain

Number of studies
Trend in participation

Within
childhood (512y)

Transition from
childhood to
adolescence

Within
adolescence
(13-18y)

6

8

2

Number of studies in category
Significant increase

3

ab

–

ac

5
2

1
1
3

2

No significant change
Significant decline

2
1

Number of studies in category

5

4

No significant change

3
2b
–
0
–
–

cdef

2
2bcdg
1
2
–
1c

–
2cdeh
2cdg
2
–
2ach

Significant decline

–

1f

1abh

Number of studies in category

0
–

1
1h

1
–

Significant increase
No significant change
Significant decline
Number of studies in category
Significant increase

Significant increase

No significant change
–
–
1
–
–
–
Significant decline
* Due to UOW thesis formatting requirements, this table has been reduced from its original published
form. The full table, including references, can be found in the ‘Other Supplementary Materials’ section at
end of thesis.
a. A study is counted twice in active transport (Carver et al. 2011) and non-organised PA (van Mechelen
et al. 2000) due to differing results for boys and girls (no total provided)
b. Some results are for boys only in active transport (Carver et al. 2011), organised PA (Rääsk et al. 2015)
and non-organised PA (van Mechelen et al. 2000)
c. Some results are for girls only in active transport (Carver et al. 2011), organised PA (Eime et al. 2016),
and non-organised PA (Eime et al. 2016; van Mechelen et al. 2000)
d. Eime et al. (2016) is counted twice in this category due to differing results for competitive and noncompetitive organised PA (no total provided)
e. Non-competitive organised PA in Eime et al. (2016)
f. Only the ‘young cohort’ in Rauner et al. (2015) was in scope
g. Sports club membership in Eime et al. (2016)
h. Numeric values were not stated in the article text. The reviewers agreed on trends based on visual
inspection of Figure 4 in van Mechelen et al. (2000) and Figure 1 in Brooke et al. (2014)
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The studies that reported longitudinal data for the domain of organised PA had
measured participation in organised sports activities (n=5/9) (Dearth-Wesley et al. 2012; Eime
et al. 2016; Koning et al. 2016; van Mechelen et al. 2000; Vella et al. 2015) and/or sports club
PA (n=5/9) (Eime et al. 2016; Moraeus et al. 2015; Rääsk et al. 2015; Rauner et al. 2015;
Raustorp et al. 2007). As shown in Table 3.2, most studies of this domain reported a significant
increase during childhood (n=3/5) (Dearth-Wesley et al. 2012; Koning et al. 2016; Moraeus et
al. 2015), followed by an increasing (n=2/4) (Eime et al. 2016; Rauner et al. 2015) or stable
pattern (n=2/4) (Eime et al. 2016; Rääsk et al. 2015) in the transition to adolescence, and no
change (n=2/3) (Eime et al. 2016; van Mechelen et al. 2000) or decline (n=2/3) (Eime et al.
2016; Raustorp et al. 2007) during adolescence. Significant declines were more common during
late-adolescence, as two studies that reported declines had a final follow-up at approximately
18y (Eime et al. 2016; Raustorp et al. 2007). One study only sampled girls and reported
participation in organised non-competitive activities (e.g. aerobics) and sports club membership
(Eime et al. 2016). Participation in non-competitive activities increased in the transition to
adolescence and remained stable thereafter, whereas sports club membership remained stable in
the transition to adolescence and then declined. The full details of all studies in the organised
PA domain can be found in Appendix F.
Only two of the studies that reported longitudinal trends in organised PA were
considered to have a low ROB (Rauner et al. 2015; Vella et al. 2015). Detection bias had the
least number of studies coded as low ROB (n=1/9) (Rauner et al. 2015). All other studies had an
unclear risk of detection bias, as validity and reliability information was either not reported at all
(n=7/9) (Dearth-Wesley et al. 2012; Koning et al. 2016; Moraeus et al. 2015; Rääsk et al. 2015;
Raustorp et al. 2007; van Mechelen et al. 2000; Vella et al. 2015) or reported for overall PA but
not for the specific domain (n=1/9) (Eime et al. 2016). In terms of attrition bias, two studies
were coded as low ROB (van Mechelen et al. 2000; Vella et al. 2015). Seven studies had more
than 30% of data missing (high ROB) (Dearth-Wesley et al. 2012; Eime et al. 2016; Koning et
al. 2016; Moraeus et al. 2015; Rääsk et al. 2015; Rauner et al. 2015; Raustorp et al. 2007). Six
studies were coded as having a low risk of selection bias (Dearth-Wesley et al. 2012; Eime et al.
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2016; Koning et al. 2016; Moraeus et al. 2015; Rauner et al. 2015; Vella et al. 2015). The other
studies were deemed to have a high risk of bias due to the use of convenience sampling (n=1/9)
(Rääsk et al. 2015), exclusion of population segments (e.g. rural areas) (n=1/9) (Raustorp et al.
2007) or a statement within the article text about a lack of representativeness (n=1/9) (van
Mechelen et al. 2000). The studies that were deemed low ROB reported no change in organised
PA during childhood (Vella et al. 2015) and an increase in participation during the transition to
adolescence (Raustorp et al. 2007).
The three studies that reported longitudinal data for the non-organised PA domain
measured participation in non-organised PA (Eime et al. 2016), non-organised sport (van
Mechelen et al. 2000) and leisure-time sports outside of sports clubs (Rauner et al. 2015).
Studies reported either no change (n=1/2) (Eime et al. 2016) or decline (n=1/2) (Rauner et al.
2015) in non-organised PA between childhood and adolescence (see Table 3.2). One study only
sampled girls and reported no change in participation (Eime et al. 2016), while another study
did not stratify results by sex and reported a decline (Rauner et al. 2015). Studies conducted
during adolescence reported no change among girls (n=2/2) (Eime et al. 2016; van Mechelen et
al. 2000) and a decline among boys (n=1/2) (van Mechelen et al. 2000). The full details of all
studies in this domain can be found in Appendix G.
Only one of the studies of non-organised PA was considered to have a low ROB
(Rauner et al. 2015). This one study had a low risk of detection bias and all other studies were
rated as unclear, as validity and reliability information was either not reported at all (n=1/3)
(van Mechelen et al. 2000) or reported for overall PA but not for the specific domain (n=1/3)
(Eime et al. 2016). In terms of attrition bias, one study was coded as low ROB (van Mechelen et
al. 2000) and the remaining studies had more than 30% of data missing (high ROB) (Eime et al.
2016; Rauner et al. 2015). Two studies were coded as having a low risk of selection bias (Eime
et al. 2016; Rauner et al. 2015). The other study was deemed to have a high risk of bias due to a
statement about a lack of representativeness in-text (van Mechelen et al. 2000). The one study
with an overall low ROB rating reported a decline in non-organised PA between childhood and
adolescence (Rauner et al. 2015).
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Two studies reported longitudinal data for active chores (Brooke et al. 2014; Lee 2014).
These studies reported an increase in participation in active chores from childhood to
adolescence (n=1/1) (Brooke et al. 2014) and no change in participation within adolescence
(n=1/1) (Lee 2014) (see Table 3.2). No studies were identified that reported longitudinal data
for occupational PA (active work). The full details of these studies can be found in Appendix H.
Neither of the included studies had a low ROB. Both studies had a high risk of attrition bias due
to having more than 30% of data missing (Brooke et al. 2014; Lee 2014). The risk of detection
bias was regarded as unclear in both studies because reliability/validity information was either
reported only for overall PA (n=1) (Brooke et al. 2014) or not stated at all (n=1) (Lee 2014).
Both studies were deemed to have a low risk of selection bias (Brooke et al. 2014; Lee 2014).
The results of this review have generally been presented by PA domain. However,
results may also be presented by age span to highlight changes during each developmental stage
(see Appendix I).

3.4 Discussion
This study reviewed longitudinal changes in four domains of PA during childhood and
adolescence. Most studies of active transport reported an increase in participation during
childhood (n=3/6), no change in the transition to adolescence (n=5/8) and no change (n=1/2) or
decline (n=1/2) during adolescence. The majority of studies of organised PA reported an
increase during childhood (n=3/5), an increasing (n=2/4) or stable (n=2/4) pattern in the
transition to adolescence, and no change (n=2/3) or decline (n=2/3) during adolescence. There
was limited evidence for non-organised PA but it appears that this domain was more likely to
remain stable among adolescent girls (n=2/2) and decline among adolescent boys (n=1/2). For
active chores, there was limited evidence showing an increase in participation in the transition
to adolescence (n=1/1) followed by a plateau (n=1/1).
Most studies of active transport during childhood reported an increase in participation.
This supports the notion that parents become more confident in their child’s ability to travel
independently as they age (Pabayo et al. 2011). Furthermore, most studies reported a stable
65

trend between childhood and adolescence. This might reflect the dominance of studies
conducted in Europe in this review, as adolescents in parts of Europe (such as The Netherlands)
are among the most likely in the world to participate in active transport (Tremblay et al. 2016).
The studies in the present review reported a stable or declining trend during adolescence.
Climate may be a factor in this difference, as the stable trend occurred in Australia (Carver et al.
2011), while the decline occurred in the United Kingdom (Falconer et al. 2015). This is
supported by a recent cross-sequential study in Canada which also reported a decline in active
transport during adolescence (Pabayo et al. 2011). Finally, it is worth noting that a previous
systematic review (Knuth & Hallal 2009) also reported secular changes in the frequency of
active transport, such as an increase among 5-15 year-olds in the USA (between 1995 and 2001)
(Ham et al. 2005) and a decrease among 9-13 year-olds in Australia (between 1985 and 2001)
(Salmon et al. 2005). Therefore, future systematic reviews of PA should adopt inclusion criteria
based on the year of publication, as was done in the current review.
In the present review, the majority of studies of organised PA reported an increase
during childhood but no change or decline during adolescence. This trend is similar to the most
common trajectory models of a previous large-scale cross-sequential study (Findlay et al. 2009).
Various factors have been linked to age-related changes in organised PA participation during
childhood and adolescence, including the educational environment (Allender et al. 2006;
Bernstein et al. 2011), social norms (Allender et al. 2006; Mayeza & Bhana 2017) and
biological changes (Cumming et al. 2012). In particular, girls (Allender et al. 2006) and lowerskilled students (Bernstein et al. 2011) may feel alienated by a greater emphasis on competition
and performance during adolescence (Mayeza & Bhana 2017). Some adolescents may also be
dissuaded from organised PA due to their experiences during Physical Education (PE) classes at
school (Allender et al. 2006; Bernstein et al. 2011). Girls may particularly choose to refrain
from organised sports due to self-consciousness and a fear of appearing too masculine or
aggressive (Allender et al. 2006). However, these gender differences may also be prone to
secular changes (Knuth & Hallal 2009). For example, a Swedish study reported that sports club
membership increased between 1974-1995 among 16 year old girls (+9%) but not boys (±0%)
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(Westerståhl et al. 2003). However, other studies reported secular declines in organised PA
among both genders in Australia (Martin et al. 2005) and Switzerland (Suris et al. 2006).
Relatively few studies of non-organised PA were included in the present review. Nonorganised PA tended to remain stable among adolescent girls and decline among adolescent
boys, which is in line with the cross-sequential findings of Findlay et al (Findlay et al. 2010).
According to a previous systematic review, the overall PA of boys declines at a faster rate
during late adolescence than that of girls (Dumith et al. 2011) which suggests that this domain
may be a contributor to that decline (Sallis 2000). Additional research is warranted to
investigate this relationship in detail.
Participation in active chores was only reported by two studies in this review (Brooke et
al. 2014; Lee 2014). According to these studies, this domain increased in the transition to
adolescence and then stabilised. This pattern was similar to the quadratic trajectory in a study of
youth from age 8-18 in the USA (Lam et al. 2016).
Information about changes in PA participation by domain is useful to support the
development of targeted PA promotion strategies (De Baere et al. 2015). In particular,
longitudinal trends in PA domains could be used to inform market segmentation strategies
within a social marketing framework (Donovan & Henley 2003). Market segmentation may be
used to develop targeted strategies for particular groups, such as adolescents who are inclined to
drop out of particular PA domains. Segmentation strategies are commonly supported by data
analysis techniques such as cluster analysis (e.g. Leech et al. 2014) to identify the characteristics
of individuals who share similar patterns of behaviour. Further information about the
relationship between domain-specific changes and the overall decline in PA would assist in
determining the priority segments to be targeted. Despite these opportunities, the use of
segmentation strategies in PA interventions appears relatively scant (Kubacki et al. 2017;
Kubacki et al. 2015). Therefore, market segmentation may be an appropriate means of
developing more tailored approaches to PA promotion among children and adolescents.
To the authors’ knowledge, this is the first systematic review to report age-related
changes in the prevalence of PA domains during childhood and adolescence. This approach
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offers the capacity to develop a more nuanced understanding of PA changes during maturation.
In addition, the review included four domains of PA which provides a more holistic picture of
behaviour than one domain in isolation. This review also employed rigorous selection criteria
by only including studies that reported data for the same respondents over time.
However the review is also subject to some limitations. Few studies in this review were
deemed to have a low risk of bias (6/23 studies), mainly due to high attrition rates and
insufficient reporting of validity and reliability. Studies were also rarely compatible in terms of
PA domain measurement (e.g. data type, reference period) which prevented aggregate data
analysis. Instead, data synthesis focused on the significance and direction of change rather than
magnitude. Also, few studies reported separate trends for in-school and out-of-school PA, so it
was not possible to discuss these trends. It should also be noted that the participants of some
studies spanned more than one age category (n=8) (De Meester et al. 2014; Eime et al. 2016;
Gubbels et al. 2016; Koning et al. 2016; Lee 2014; Rauner et al. 2015; Raustorp et al. 2007;
Swaminathan et al. 2011), although the extent of the overlap was generally only one year
(n=6/8) (De Meester et al. 2014; Eime et al. 2016; Gubbels et al. 2016; Koning et al. 2016;
Rauner et al. 2015; Raustorp et al. 2007). Although this review aimed to be as comprehensive
as possible, it may have also been limited by a lack of a consistent nomenclature (e.g.
interchangeable use of ‘domain’, ‘mode’, ‘context’, etc). The search terms were intentionally
broad to encompass as many studies as possible, although consistent terminology is encouraged
in future studies. Finally, most studies in this review were conducted in Europe which may
affect the generalisability of the findings to other regions. However, an effort was made to
account for this by highlighting regional variations in the text.

3.5 Conclusion
Despite the diversity of the included studies, this review has highlighted some overall trends in
the domains of PA among youth. Most studies of active transport reported an increase during
childhood (n=3/6), a plateau in the transition to adolescence (n=5/8) and no change (n=1/2) or
decline (n=1/2) during adolescence. The majority of studies of organised PA reported an
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increase during childhood (n=3/5), an increasing (n=2/4) or stable (n=2/4) pattern in the
transition to adolescence, and no change (n=2/3) or decline (n=2/3) during adolescence. Nonorganised PA participation tended to vary by sex - remaining stable among adolescent girls
(n=2/2) and declining among adolescent boys (n=1/2). Active chores increased during the
transition to adolescence (n=1/1) and then stabilised (n=1/1). Potential strategies for PA
promotion among youth may include targeting non-organised PA among adolescent boys or
organised PA among late adolescent boys and girls. Such strategies may have positive
implications for overall PA and health in adulthood. However, additional high-quality studies of
participation in PA domains are required, particularly non-organised PA and active chores.
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Chapter 4: Methodology
The previous chapter presented a systematic review of literature related to longitudinal
changes in domains of PA participation during childhood and adolescence (organised PA,
non-organised PA, active transport and active chores/work). Among other findings, this
review highlighted that no known studies had explored longitudinal changes in all four
domains of PA during childhood and adolescence, and a lack of clear findings was noted in
relation to longitudinal changes in non-organised PA between childhood and adolescence.
This sets the scene for the four original research studies comprising the rest of this thesis. The
following brief chapter presents and justifies the overall methodological approach used in this
thesis. Further information about the specific methods used in each individual study is
provided in detail in Chapters 5 to 8.

4.1 Research design
A mixed-methods sequential explanatory design was used to explore the research questions of
this thesis (Ivankova et al. 2006). A mixed-methods approach was considered appropriate due
to the diversity of the research questions, including explorations of national trends as well as
lived-experiences (Tashakorri & Creswell 2007). The sequential explanatory design involved
two consecutive phases of research, beginning with a quantitative phase and then concluding
with a qualitative phase (Ivankova et al. 2006). These two consecutive phases of research
enabled the nature of the research problem to be established and then explained, respectively
(Ivankova et al. 2006). The quantitative phase explored national data to establish longitudinal
trends in domains of PA participation between childhood and adolescence, as well as the
predictors and competitors of non-organised PA. Following this, the qualitative phase drew on
individual experiences to add depth and meaning to these quantitative trends. Thus, the use of
two complementary phases allowed the research problem to be explored with greater richness
than a single phase methodology (Cresswell 2015).
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4.2 Quantitative research phase
The quantitative phase of this thesis contains three studies that explore Research Questions 1
to 3. These studies utilise data from the Longitudinal Study of Australian Children (LSAC), a
national longitudinal study managed by the Australian Department of Social Services (DSS)
(Australian Institute of Family Studies 2015). LSAC began in 2004 with a sample of 4,983
children aged 4-5y (K-cohort) and 5,107 children aged 0-1y (B-cohort) (Australian Institute
of Family Studies 2015). Participants were recruited from the national Medicare database3
using a two-stage clustered design which involved the random selection of postcodes and then
individuals within postcodes (Australian Institute of Family Studies 2015). Data collection
occurs every two years and gathers a range of information from children, parents and teachers
(Australian Institute of Family Studies 2015). Various instruments are used to collect data,
including interviewer-administered and self-administered questionnaires, leave-behind
questionnaires, time-use diaries (TUDs), physical measurements and direct assessments
(Australian Institute of Family Studies 2015). Among other topics, LSAC collects data related
to health behaviour, social and emotional outcomes, and learning and cognitive outcomes
(Australian Institute of Family Studies 2015). The use of an observational longitudinal study
such as LSAC is appropriate for this thesis because it measures age-related changes in
behaviour that occur in the same respondents over time. In addition, the LSAC project is
relevant because it is underpinned by the same social ecological model that forms part of the
theoretical framework for this thesis (Bronfenbrenner 1979; Sanson et al. 2002) and seeks to
inform various prevention strategies relevant to children (Australian Institute of Family
Studies 2015).
This thesis uses data collected from K-cohort participants when they were aged 11y
(2010), 13y (2012) and 15y (2014). Participation in domains of PA was measured at each
wave using 24-hour TUDs which were completed by youth. Consistent TUD data for all four
domains of PA were only available at 11y, 13y and 15y because reduced ‘light diaries’ were

3

Medicare is the national universal health care system in Australia
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used prior to 11y (Corey et al. 2014) and TUD data were not collected beyond 15y. The use of
TUD data was necessary to determine adolescents’ participation in domains of PA because
this information cannot be measured using more objective methods such as accelerometry
(Ding et al. 2020; Warren et al. 2010). Participants recorded their activities in their own words
over a 24-hour period on the day before their interview (Corey et al. 2014). Interviewers then
recorded diary entries based on a predetermined coding framework during the home visit
(Corey et al. 2014). Details of other variables used in the analysis are provided as appendices
to Chapter 6 and Chapter 7, including psychometric information where available.

4.3 Qualitative research phase
The qualitative phase of this thesis consists of one study that explores Research Questions 4
and 5. This phase was influenced by a pragmatist research paradigm to enable a focus on
human experiences, beliefs and actions that are relevant to the applied discipline of social
marketing (Dewey 2008; Morgan 2014). Data collection began with a screening survey which
was used to inform the stratified purposeful sampling of participants (Patton 2002). Screening
surveys were deployed in three settings: (1) undergraduate classes at the University of
Wollongong (UOW); (2) vocational and special entrance classes at UOW College; and (3)
two Anglican churches in the Illawarra region. The latter two settings were included in order
to increase the diversity of voices included in the study, and this was further enhanced
through the stratified selection of participants by socioeconomic status and sex. Participants
were eligible if they reported declines in non-organised PA and overall PA between 11y and
15y. To reduce data variability, participants were excluded if they lived outside Australia at
11y and 15y, or if they reported health conditions that may have restricted their PA at these
ages. Young adults aged 18-22y were chosen as the target age group because this roughly
corresponds with the current age of the LSAC cohort used in the quantitative phase. The
recruitment of young adults was also expected to enhance data richness, as the sophistication
and coherence of life narratives has been shown to improve between adolescence and young
adulthood (Habermas & de Silveira 2008; McLean et al. 2010).
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Data collection occurred via semi-structured interviews (n=22) with embedded Life
History Calendars (LHCs). The administration of LHCs involved drawing timelines on a large
sheet of paper to represent different types of PA conducted by the participant at various ages
(Nelson 2010). LHCs have been designed to mimic the process of autobiographic memory in
order to collect data of adequate validity over a recall period of up to 30 years (K>0.48-0.80)
(Belli et al 2007). A two-stage process was used to analyse data, consisting of ‘concept
coding’ to group text into codes and ‘pattern coding’ to group codes into themes (Saldaña
2016). Trustworthiness in the data analysis process was enhanced through the inclusion of a
‘critical friend’ who independently co-coded a selection of transcripts (n=6) and contributed
to theme development.

4.4 Ethical considerations
The main ethical considerations under the control of the candidate in the quantitative phase
were associated with the analysis, storage and dissemination of LSAC data. These tasks were
performed according to the conditions of an LSAC Deed of Confidentiality that was
completed by the candidate and approved by DSS. Analyses were conducted using deidentified data in order to protect the privacy of LSAC participants. Data were received on a
password-protected CD that was only accessed by the candidate and stored in a locked filing
cabinet in a restricted-access room. Relevant acknowledgements of DSS and their survey
management partners were included in publications and conference presentations that
reported LSAC data, as well as in this thesis. The analysis of LSAC data for the purpose of
this thesis was approved by the UOW Human Research Ethics Committee (HREC 2017/275)
(see Appendix J).
A range of ethical factors were considered in the qualitative phase of the research.
Screening surveys only collected information that was necessary for participant selection, and
all surveys, consent forms and LHCs were stored in a locked filing cabinet in a restrictedaccess room. ‘Process consent’ was sought from participants (Usher & Arthur 1998), which
involved seeking written consent prior to the completion of screening surveys and interviews,
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as well as verbal consent prior to phone screening and before and after interviews. A $20 gift
voucher was provided as compensation for time spent in an interview, in line with the current
hourly minimum wage (Fair Work Ombudsman 2018). It is not expected that this
compensation had a coercive effect on participants. Participants were interviewed by someone
of the same gender in order to reduce sensitivity associated with certain topics that were
expected to arise during interviews (e.g. puberty). Interviewers monitored signs of verbal and
non-verbal distress among participants during interviews and were prepared to cease the
interview if desired by the participant. Participants also received information about support
services in case professional assistance was desired after the interview.
Qualitative transcripts and audio recordings of interviews were stored on a secure,
password-protected network drive. Pseudonyms were used in interview transcripts and any
potentially identifiable information was de-identified (e.g. family names, school name).
Participants were sent a copy of their transcript to check for factual errors and anything they
felt uncomfortable being quoted in a publication. Participants were still able to withdraw from
the study up to 14 days from the receipt of their transcript, after which time their data would
be de-identified and included in the analysis (University of Wolverhampton 2015). Data
collection and analysis procedures for the qualitative phase of the research were reviewed and
approved by the UOW Human Research Ethics Committee (HREC 2018/552) (see Appendix
K).
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Chapter 5: Participation in domains of physical activity
among Australian youth during the transition from childhood
to adolescence: a longitudinal study
The previous chapter provided an overview of the methodological approach used in this thesis.
A mixed-methods sequential explanatory design was described, consisting of three quantitative
studies followed by one qualitative study. The following chapter presents the first of three
quantitative studies included in this thesis. The rationale behind this study relates to the findings
of the systematic review presented in Chapter 3, which revealed that no known studies had
explored longitudinal changes in all four domains of PA during childhood and adolescence. This
systematic review also highlighted a lack of clear findings in relation to longitudinal changes in
non-organised PA between childhood and adolescence. The study presented in the following
chapter sought to fill these gaps and to address the following research question:

Research Question 1:
i.

How does the duration of overall PA, non-organised PA, organised PA, active
transport and active chores/work change between late childhood (10-11y), early
adolescence (12-13y) and mid-adolescence (14-15y)?

ii.

Are these changes moderated by sex, socioeconomic position, language spoken at
home, Indigenous status or geographical remoteness?

This chapter has been published as:
Kemp, BJ, Parrish, A, Batterham, M & Cliff, DP 2020a, ‘Participation in domains of physical
activity among Australian youth during the transition to adolescence: a longitudinal study’, J
Phys Act Health, vol. 17, no. 3, pp. 278-86. doi: https://doi.org/10.1123/jpah.2018-0705.

81

5.1 Background
Regular PA participation is associated with many health benefits for children and youth (Poitras
et al. 2016). However, global analyses suggest that youth across a range of countries are
generally not meeting PA recommendations (Hallal et al. 2012; World Health Organization
2010). In Australia, only 19% of 5-17 year-olds engage in at least 60 minutes of moderate- to
vigorous intensity physical activity (MVPA) every day, with 5-8 year-olds being the most likely
to meet this guideline (36%) and 15-17 year-olds being the least likely (6%) (Australian Bureau
of Statistics 2013a). This is consistent with age-related declines in PA participation reported
elsewhere (Dumith et al. 2011). There is also some evidence that PA participation during
childhood and adolescence may track into adulthood, which highlights the importance of PA
promotion strategies among youth (Telama 2009).
An emerging area of research interest relates to domains of PA, such as transportation,
household/occupational and leisure-time PA (World Health Organization 2010). Transportation
PA is also known as active transport, which includes activities such as walking or cycling to
school or work (Active Healthy Kids Australia 2016). Household/occupational PA is also
known as active chores/work and this includes activities such as raking leaves and digging
(Brooke et al. 2014; Lee 2014). Among children and adolescents, leisure-time PA is sometimes
divided into two sub-categories: (1) organised PA (activities with rules and structure that are
usually led by an adult, e.g. club sports or dance classes) (Hardy et al. 2010) and (2) nonorganised PA (more freely chosen, unstructured and intrinsically motivated activities, e.g.
playground games and kicking a ball in the park) (Active Healthy Kids Australia 2016).
Information about participation in domains of PA can provide a more nuanced understanding of
PA behaviour that may not be captured in studies of more general outcomes such as moderateto-vigorous intensity physical activity (MVPA) (De Baere et al. 2015). Although studies of
overall PA are helpful in understanding whether youth are sufficiently active, longitudinal
studies of PA domains may provide more specific behavioural targets for intervention.
Despite this, the longitudinal changes in domains of PA during childhood and
adolescence are still not well understood. In particular, a recent systematic review of
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longitudinal changes in PA domains during childhood and adolescence found that none of the
included studies had investigated more than two domains of PA in the same sample (Kemp et al.
2019). The concurrent examination of multiple domains of PA is particularly useful for
identifying the domains that may contribute most to overall PA change. Furthermore, national
cross-sectional evidence in Australia indicates that non-organised PA may be linked to the
overall decline in PA in youth (Australian Bureau of Statistics 2013a). However, the recent
systematic review included only two longitudinal studies of non-organised PA in the transition
from childhood to adolescence (Eime et al. 2016; Rauner et al. 2015), and the overall synthesis
of these studies was inconclusive (Kemp et al. 2019).
In addition to targeting specific domains of PA, interventions may also deliver targeted
strategies to particular segments of youth based on socio-demographic characteristics (National
Social Marketing Centre 2011). Due to the relationship between PA participation and health
(Poitras et al. 2016), the social determinants of health provide one framework for identifying
broad characteristics for segmentation (Australian Institute of Health and Welfare 2018b). In
Australia, key areas of mortality inequity have been summarised in terms of five sociodemographic characteristics: sex, socioeconomic status, country of birth, Indigenous status and
remoteness (Australian Institute of Health and Welfare 2014). Therefore, an exploration by
these socio-demographic characteristics may highlight priority segments of the population for
targeting.
The present study aimed to investigate two research questions: (1) How does the duration
of overall PA, non-organised PA, organised PA, active transport and active chores/work change
between late childhood (11y), early adolescence (13y) and mid-adolescence (15y)?; and (2) Are
these changes moderated by sex, socioeconomic position, language spoken at home, Indigenous
status or geographical remoteness? Based on national cross-sectional statistics (Australian
Bureau of Statistics 2013a), we hypothesised that non-organised PA would decline the most out
of all domains. We also hypothesised that changes in overall PA and at least one domain of PA
would be moderated by at least one of the five socio-demographic characteristics tested.

83

5.2 Methods
5.2.1 Setting and procedures
This study used data from the Kindergarten (K) cohort of the Longitudinal Study of Australian
Children (LSAC), a research project managed by the Australian Department of Social Services
(DSS) (Australian Institute of Family Studies 2015). This cohort comprises a nationallyrepresentative sample of Australian children who were recruited at age 4 to 5y in 2004 and
followed-up every two years to date. LSAC data collection procedures were approved by the
Australian Institute of Family Studies Ethics Committee, and participants provided informed
consent (Australian Institute of Family Studies 2004). The use of data in the present study has
been approved by the University of Wollongong Human Research Ethics Committee (HE
2017/275).

5.2.2 Participants
Participants were recruited from the Australian Medicare database via a two-stage clustered
design (random selection of postcodes then families). Eligible children were born between
March 1999 and February 2000 (Australian Institute of Family Studies 2015). At baseline, 4,983
families were recruited (50.4% of those invited to participate) (Australian Institute of Family
Studies 2015). The present study uses LSAC data collected during Wave 4 (2010), Wave 5
(2012) and Wave 6 (2014). On average, participants were aged 11y, 13y and 15y at these timepoints.

5.2.3 Physical activity measures
Data relating to participation in domains of PA were extracted from time-use diary (TUD)
instruments completed by participants at 11y, 13y and 15y. This is the longest available timeseries in which compatible measurements of all four PA domains were collected via the LSAC
TUD because reduced ‘light diaries’ were used prior to Wave 4 (Corey et al. 2014). Participants
recorded their activities in their own words over a 24-hour period on the day before their
interview (Corey et al. 2014). Participants who attended school on this day were asked to record
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activities conducted during school breaks but not during lessons (such as physical education
(PE) lessons). Interviewers then recorded diary entries based on a predetermined coding
framework during the home visit (Corey et al. 2014). Interviewers were trained to prompt
participants for additional information during this process (e.g. to fill gaps in the diary) (Corey
et al. 2014).
In the present study, the duration of each PA domain was calculated from one or more
TUD activity codes. The duration of each activity in the dataset was firstly calculated as the
difference between the start and end time. It was assumed that each activity ended at the start
time of the next activity in sequence for each child, with the final activity ending at the child’s
bed time. The total duration of each activity code was then aggregated for each participant.
Although participants could record up to six activities concurrently, some domains (such as
organised PA) seemed incongruent as a concurrent activity. For consistency, participation in
domains of PA was based on the primary activity selected at a time. A full concordance of PA
domains and activity codes is provided in Appendix L.
Some changes were evident in the coding framework across waves, mostly due to
disaggregation in later waves. For example, organised PA and non-organised PA were divided
into specific sports and activities in wave 6 (15y). It is not expected that this would have altered
the response pattern of participants because activities were still recorded in participants’ own
words via an open-ended paper diary, irrespective of the coding framework. Furthermore,
activity codes such as ‘unstructured active play - other’ were included in wave 6 to ensure that
entire domains of PA could still be constructed.
The activity codes comprising active chores/work also expanded in later waves to reflect
age-appropriate developments (e.g. employment-type activities such as ‘labourers and related
workers’ were introduced but rarely used in wave 6). Activity codes were included in active
chores and work if they were deemed likely to exceed 3.0 metabolic equivalents (METs)
according to the most recent compendium of energy expenditures for youth (Butte et al. 2018).
The threshold of 3.0 METs was chosen as the minimum cut-off for MVPA in accordance with
World Health Organisation guidelines (World Health Organization 2020b). If a suitable match
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could not be found in the current youth compendium, a determination was based on (in order):
(1) the previous youth compendium (Ridley et al. 2008); (2) the current adult compendium
(Ainsworth et al. 2000); or (3) author consensus.

5.2.4 Other measures
The main explanatory variable in this study was the wave of measurement (w4/w5/w6).
Potential moderators were sex, Indigenous status (yes/no), whether the child spoke a language
other than English (LOTE) at home (yes/no), socioeconomic position (SEP) and geographical
remoteness (major city/regional-remote). SEP is a composite indicator of annual family income,
parents’ educational attainment and parents’ occupations (z-scored), calculated and provided by
LSAC (Blakemore et al. 2009). Geographical remoteness was based on the Australian Statistical
Geography Standard Remoteness Structure (Australian Bureau of Statistics 2018a).
Potential confounding variables were season of measurement and whether the child
attended school on the day of TUD completion (yes/no). The season was derived from the date
of interview. School attendance was included as a variable in the LSAC datasets. Where data
were missing for this variable, imputation was completed based on data reported about “school
lessons” in the TUD.

5.2.5 Analysis
Data processing was conducted using SPSS version 21 (IBM Corporation, Armonk, NY, USA)
and statistical analyses were performed using Stata 13 (StataCorp, College Station, TX, USA).
Effects were considered to be statistically significant at p<0.05.
Frequency histograms revealed that many respondents naturally rounded their TUD
entries to the nearest 5 minutes. Therefore the duration of each domain of PA was consistently
rounded to the nearest 5 minutes for all cases. Population data weights were applied to improve
the representativeness of the data and to reduce bias associated with attrition. The LSAC Wave
1 and 4 longitudinal population weight was chosen because it preserved the maximum number
of cases.
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Longitudinal changes in each domain of PA were tested in separate multilevel mixedeffects models. Changes in overall PA were also tested (an aggregate of the aforementioned
domains). Multilevel modelling does not require complete cases for every time-point, thus all
available data were used (Rabe-Hesketh & Skrondal 2008). Preliminary models tested the effect
of wave on each PA outcome (level 1), nested within individuals (level 2). Models were then
adjusted for potential confounding effects (season of measurement and whether the child
attended school on the day of TUD completion). A higher-order quadratic term was also
included in models (wave2). Statistically significant quadratic effects were given precedence
over statistically significant linear effects. Post-hoc models tested interactions between wave
and each potential moderator. Interactions were tested one-by-one for each PA outcome,
resulting in 25 post-hoc models (5 potential moderators * 5 PA outcomes). Interaction models
were not adjusted for multiple hypothesis testing. The average annual rate of change in overall
PA was calculated to enable comparison with a recent meta-analysis of PA change during
adolescence (Dumith et al. 2011). As data were collected biennially, the percentage change
between waves was assumed to occur evenly across specific years of age. The percentage
change between each year was then calculated and averaged.

5.3 Results
A total of 4,108 participants were included in the study. Of these participants, 3,691 (90%)
provided complete data for at least two waves and 2,782 (68%) provided complete data for all
three waves. As shown in Table 5.1, the sex distribution of participants was relatively consistent
in all waves, and the age intervals between waves were equal. Few participants were Aboriginal
or Torres Strait Islanders (≤3.0%), although this reflects the Australian population (2.8% in
2016) (Australian Bureau of Statistics 2018b). Interviews rarely occurred during Summer
(≤3.5%) because LSAC data collection usually runs from Autumn to Spring (Australian
Institute of Family Studies 2015).
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Table 5.1 Characteristics of the analytic sample, unweighted LSAC data a
Wave 4 (n=3,994)
Boys
Girls
2,035 (51.0%)
1,959 (49.0%)
10.9 (0.3)
10.9 (0.3)
167 (8.4%)
146 (7.7%)

Wave 5 (n=3,573)
Boys
Girls
1,807 (50.6%)
1,766 (49.4%)
12.9 (0.3)
12.9 (0.3)
129 (7.2%)
127 (7.2%)

Wave 6 (n=3,014)
Boys
Girls
1,515 (50.3%)
1,499 (49.7%)
14.9 (0.3)
14.9 (0.3)
97 (6.6%)
116 (7.9%)

Sex, n (%)
Age, mean (SD)
Speaks language other than English at home, n
(%)b
Aboriginal or Torres Strait Islander, n (%)b
52 (2.6%)
58 (3.0%)
35 (1.9%)
43 (2.4%)
28 (1.9%)
Lives in regional or remote area, n (%)b
711 (35.1%)
695 (35.6%)
644 (35.6%)
645 (36.5%)
520 (34.3%)
Attended school on day of TUD, n (%)
1,060 (52.1%)
1,038 (53.0%)
936 (51.8%)
1,010 (57.2%)
695 (45.9%)
Season of measurement, n (%)
Summer
8 (0.4%)
9 (0.5%)
59 (3.3%)
51 (2.9%)
42 (2.8%)
Autumn
510 (25.1%)
542 (27.7%)
330 (18.3%)
329 (18.6%)
353 (23.3%)
Winter
1,056 (51.9%)
992 (50.6%)
808 (44.7%)
775 (43.9%)
609 (40.2%)
Spring
461 (22.7%)
416 (21.2%)
610 (33.8%)
611 (34.6%)
511 (33.7%)
LSAC = Longitudinal Study of Australian Children; n = number of participants; % = proportion of analytic sample; SD = standard deviation; TUD

30 (2.0%)
543 (36.2%)
712 (47.5%)
53 (3.5%)
370 (24.7%)
585 (39.0%)
491 (32.8%)
= time use diary

a. The sample shown here was included in main models (PA domains by wave) which required valid data for PA domains on at least one occasion and a valid data weight
b. Missing data – home language: W4 (n=103), W5 (n=25), W6 (n=72); Indigenous status: W4 (n=2), W5 (n=1), W6 (n=1); remoteness: W4 (n=19), W5 (n=1), wave 6 (n=0)
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5.3.1 Overall physical activity
Table 5.2 shows longitudinal trends in overall PA participation and by domain. On average,
overall PA participation declined by 45 minutes/day between 11y and 15y (-10.9% per year).
The adjusted model for overall PA revealed a statistically significant quadratic time effect (β =
7.65, 95% CI=3.80, 11.51; p<0.001), with the sharpest decline between 11y and 13y. As shown
in Table 5.3, this quadratic time effect was moderated by sex (β = 11.74, 95% CI=4.07, 19.41;
p=0.003) and LOTE (β = 17.47, 95% CI=4.79, 30.16; p=0.007). The decline in girls’
participation mostly occurred between 11y and 13y, whereas the decline in boys’ participation
was spread more evenly between waves. Among those who spoke languages other than English
at home, overall PA participation declined sharply between 11y and 13y but the change between
13y and 15y was not statistically significant. By contrast, the trend among those who spoke
English at home was more similar to that of the total sample. No other statistically significant
moderators of overall PA were identified. Figure 5.1 illustrates the longitudinal trends in overall
PA and the domains of PA.

5.3.2 Organised PA
Organised PA was the most stable domain in the present study. Participation in organised PA
did not change significantly between 11y and 15y (see Table 5.2) and there were no statistically
significant effect moderators of participation.
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Table 5.2 Participation in domains of PA (minutes/day) by wave, weighted LSAC data
Organised PA

Non-organised PA

Active transport

Active work/ chores

Overall PA

PA domains, minutes/day
Wave 4 (n=3,994)

Mean (SD)

23.84 (51.59)

72.54 (83.54)

12.49 (27.43)

11.89 (30.25)

120.76 (100.37)

Wave 5 (n=3,573)

Mean (SD)

22.47 (54.45)

35.58 (66.70)

16.08 (34.64)

15.74 (39.45)

89.86 (95.85)

Wave 6 (n=3,014)

Mean (SD)

22.94 (54.86)

24.78 (57.87)

12.83 (28.74)

15.40 (41.38)

75.95 (91.48)

Unadjusted models a
Fixed effect - wave

β (95% CI)

-9.83 (-31.11, 11.45)

-155.21 (-183.75, -126.66)

34.33 (20.29, 48.36)

22.86 (5.85, 39.87)

-107.67 (-146.82, -68.53)

p value
Fixed effect – wave2

β (95% CI)

0.365

<0.001

<0.001

0.008

<0.001

0.92 (-1.22, 3.06)

13.15 (10.32, 15.97)

-3.41 (-4.82, -2.00)

-2.11 (-3.83, -0.39)

8.53 (4.62, 12.44)

0.398

<0.001

<0.001

0.016

<0.001

-6.37 (-28.35, 15.60)

-151.60 (-179.14, -124.07)

29.73 (15.68, 43.78)

27.65 (11.12, 44.18)

-100.30 (-138.84, -61.77)

0.570

<0.001
12.66 (9.92, 15.39)

<0.001

0.001

<0.001

<0.001

-2.96 (-4.37, -1.55)
<0.001

-2.66 (-4.32, -0.99)
0.002

7.65 (3.80, 11.51)
<0.001

p value
Adjusted models ab
Fixed effect - wave

β (95% CI)
p value

Fixed effect – wave2

β (95% CI)
p value

0.64 (-1.57, 2.85)
0.569

Post hoc models - differences between waves ab
W4W5

β (95% CI)
p value

-0.26 (-2.72, 2.20)
0.836

-37.58 (-40.98, -34.18)
<0.001

3.08 (1.57, 4.60)
<0.001

3.73 (2.01, 5.45)
<0.001

-31.00 (-35.47, -26.54)
<0.001

W5W6

β (95% CI)
p value

0.54 (-2.14, 3.21)
0.695

-12.12 (-15.24, -8.99)
<0.001

-2.66 (-4.35, -0.97)
0.002

-1.74 (-3.77, 0.30)
0.094

-15.96 (-20.57, -11.34)
<0.001

β (95% CI)
-0.19 (-2.72, 2.34)
0.31 (-1.17, 1.79)
-49.99 (-53.65, -46.32)
2.32 (0.57, 4.07)
p value
0.884
0.680
<0.001
0.009
PA = physical activity; LSAC = Longitudinal Study of Australian Children; SD = standard deviation; β = model coefficient; CI = confidence interval; W=wave
a. Multilevel mixed models (n=4108)
b. Adjusted for season and school attendance on the day of TUD completion
W4W6

Bold text indicates statistical significance (p<0.05)
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-47.45 (-52.31, -42.58)
<0.001

Table 5.3 Participation in domains of PA (minutes/day), statistically significant effect
moderators of wave, weighted LSAC data a
Moderator
Non-organised PA
Interactions with wave – adjusted models b
Sex
β (95% CI)
-53.39 (-108.75, 1.96)
(girls)c
p value
0.059
LOTE
(languages
other than
English)d

β (95% CI)
p value

Active transport

Overall PA

-45.20 (-72.91, -17.50)
0.001

-118.12 (-194.86, -41.39)
0.003

-85.51 (-171.26, 0.24)

-33.76 (-78.13, 10.62)

-175.43 (-303.36, 47.50)

0.051

0.136

0.007

4.40 (1.61, 7.18)
0.002

11.74 (4.07, 19.41)
0.003

8.55 (0.12, 16.98)

3.46 (-0.96, 7.87)

17.47 (4.79, 30.16)

0.047

0.125

0.007

5.67 (3.48, 7.86)
<0.001
-4.32 (-6.74, -1.90)
<0.001
1.62 (-0.37, 3.60)
0.110

-25.01 (-31.56, -18.47)
<0.001
-21.55 (-28.37, -14.74)
<0.001
-46.86 (-53.95, -39.76)
<0.001

0.37 (-1.70, 2.45)
0.725
-0.87 (-3.19, 1.45)
0.462
-1.00 (-3.19, 1.19)
0.371

-37.14 (-43.16, -31.13)
<0.001
-9.84 (-15.99, -3.69)
0.002
-47.84 (-54.46, -41.22)
<0.001

1.55 (-3.06, 6.15)
0.511
0.26 (-4.45, 4.98)
0.913
1.44 (-3.26, 6.15)
0.548

-31.10 (-35.84, -26.35)
<0.001
-17.37 (-22.31, -12.42)
<0.001
-49.10 (-54.20, -44.00)
<0.001

Interactions with wave2 – adjusted models b
Sex
β (95% CI)
5.55 (0.07, 11.03)
(girls)c
p value
0.047
LOTE
(languages
other than
English)d

β (95% CI)
p value

Post-hoc models – differences between waves, by sex
Boys
W4W5
β (95% CI)
-36.16 (-41.40, -30.92)
p value
<0.001
W5W6
β (95% CI)
-16.15 (-21.21, -11.08)
p value
<0.001
W4W6
β (95% CI)
-52.51 (-58.02, -47.00)
p value
<0.001
Girls
W4W5
β (95% CI)
-39.01 (-43.24, -34.77)
p value
<0.001
W5W6
β (95% CI)
-7.70 (-11.19, -4.20)
p value
<0.001
W4W6
β (95% CI)
-47.12 (-51.87, -42.37)
p value
<0.001
Post-hoc models - differences between waves, by LOTE
English spoken at home
W4W5
β (95% CI)
-37.60 (-41.24, -33.96)
p value
<0.001
W5W6
β (95% CI)
-12.91 (-16.24, -9.57)
p value
<0.001
W4W6
β (95% CI)
-50.59 (-54.49, -46.69)
p value
<0.001

Other languages spoken at home
W4W5
β (95% CI)
-46.11 (-56.90, -35.33)
3.10 (1.48, 4.73)
-47.15 (-62.22, -32.09)
p value
<0.001
<0.001
<0.001
W5W6
β (95% CI)
-4.28 (-13.03, 4.48)
-1.74 (-15.74, 12.26)
-3.11 (-4.93, -1.28)
p value
0.338
0.808
0.001
W4W6
β (95% CI)
0.15 (-1.72, 1.43)
-52.04 (-64.34, -39.74)
-51.39 (-68.82, -33.95)
p value
0.855
<0.001
<0.001
PA = physical activity; LSAC = Longitudinal Study of Australian Children; β = model coefficient; CI = confidence
intervals; LOTE = whether languages other than English spoken at home; W=wave
a. Effect modifiers that were not statistically significant are listed in Appendix M (including effects tested for
other domains of PA)
b. Multilevel mixed models: PA domains by sex (n=4108) and LOTE (n=4085), adjusted for season and
school attendance on the day of TUD completion
c. Reference category: boys
d. Reference category: English spoken at home
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Figure 5.1 Mean minutes/day of participation in overall PA and domains of PA, by age of
participants, weighted LSAC data
140
Legend:
120

Overall PA
Non-organised PA
Organised PA
Active chores/work
Active transport

Mean minutes/day

100
80
60
40
20
0
11 years (n=3,994) 13 years (n=3,573) 15 years (n=3,014)

PA = physical activity; LSAC = Longitudinal Study of Australian Children; n = number of
participants

5.3.3 Non-organised PA
The largest decline in the present study occurred in non-organised PA. Average non-organised
PA participation declined by 48 minutes/day between 11y and 15y (see Table 5.2). The adjusted
model for non-organised PA revealed a statistically significant quadratic time effect (β = 12.66,
95% CI=9.92, 15.39; p<0.001) which was similar to the decline in overall PA (see Figure 5.1).
Non-organised PA declined sharply between 11y and 13y and then more gradually between 13y
and 15y. The decline in non-organised PA was moderated by sex and LOTE (see Table 5.3).
The decline was sharper between 11y and 13y among girls and between 13y and 15y among
boys. Among those who spoke languages other than English at home, non-organised PA
declined sharply between 11y and 13y but the change between 13y and 15y was not statistically
significant. The trend among those who spoke English at home was similar to that of the total
sample.
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5.3.4 Active transport
In general, the change in active transport between 11y and 15y was not statistically significant
(see Table 5.2). However, the adjusted mixed model for this domain revealed a statistically
significant quadratic time effect (β = -2.96, 95% CI=-4.37, -1.55; p<0.001), with an increase
between 11y and 13y and an almost equal decline between 13y and 15y. Sex was a statistically
significant moderator of this quadratic trend (β = 4.40, 95% CI=1.61, 7.18; p=0.002) (see Table
5.3). Participation among both sexes peaked at 13y, although the trend was only statistically
significant among boys. No other statistically significant moderators of active transport were
evident.

5.3.5 Active chores and work
Active chores/work was the only domain with a statistically significant increase in participation
between 11y and 15y (+4 min/day) (see Table 5.2). A statistically significant quadratic time
effect was observed (β = -2.66, 95% CI=-4.32, -0.99; p=0.002), with an increase between 11y
and 13y that levelled off between 13y and 15y. No statistically significant moderators of active
chores/work were evident. Appendix M provides the results of all moderation tests.

5.4 Discussion
This study aimed to investigate longitudinal trends in overall PA, non-organised PA, organised
PA, active transport and active chores/work between late childhood (11y) and mid-adolescence
(15y); and to assess potential socio-demographic moderators of changes. Overall PA
participation declined by 45 minutes/day between 11y and 15y (-10.9% per year). Distinct
patterns were observed in each domain of PA. Organised PA was the most stable, with no
statistically significant changes between 11y and 15y. Non-organised PA declined the most of
all domains (–48 min/day) and this was moderated by sex and LOTE. Among boys, there was a
statistically significant increase in active transport between 11y and 13y, followed by a
statistically significant decline between 13y and 15y. A similar trend was observed among girls,
although this was not statistically significant. Finally, there was a statistically significant
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increase in active chores/work between 11y and 13y but no change between 13y and 15y.
The decline in overall PA in the present study (-10.9% per year) was above average
compared with a meta-analysis of PA change during adolescence (-7.0% per year) (Dumith et
al. 2011), although this was still within the 95% confidence interval based on studies of PA
duration (Dumith et al. 2011). The differences in overall PA by language spoken at home are
also consistent with an Australian cross-sectional study, which suggested that academic, family
and cultural responsibilities may assume greater importance than PA in some non-English
speaking households (Hardy et al. 2010). The differences in changes in overall PA by sex are
also consistent with evidence that PA may be more prone to decline among girls during early
adolescence and boys during later adolescence (Dumith et al. 2011). Girls may be more prone to
drop out of PA in early adolescence due to self-consciousness during puberty (Cumming et al.
2012), whereas this is not a common barrier among adolescent boys (Allison et al. 2005).
The large decline in non-organised PA in the present study is consistent with national
cross-sectional data in Australia (Australian Bureau of Statistics 2013a). These statistics reveal
that non-organised MVPA was significantly lower among those aged 12-14y compared with
those aged 9-11y (-20 min/day; p<0.05), and this was similar to the difference in overall MVPA
(-19 min/day; p<0.05) (Australian Bureau of Statistics 2013a). Qualitative data suggest that this
decline in non-organised PA may be related to changing social norms during the transition to
adolescence (Devís-Devís et al. 2015; Martins et al. 2015). For example, it has been reported
that participants who withdraw from PA during adolescence often note the development of a
more competitive, performance-oriented PA climate during this stage of life (Martins et al.
2015). This may discourage youth who are primarily motivated to engage in non-organised PA
for non-achievement reasons, such as friendship or a positive sense of self (Scanlan &
Lewthwaite 1986). Adolescents may also face social pressure to refrain from ‘childish’ types of
PA (Devís-Devís et al. 2015), which may dissuade participation in some forms of non-organised
PA.
The stable trend in organised PA in the present study is also consistent with national
cross-sectional statistics, in which the difference in organised MVPA between 9-11y and 12-14y
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was not statistically significant (Australian Bureau of Statistics 2013a). This trend may reflect
the ‘specialisation’ in sport which tends to occur during adolescence (MacPhail & Kirk 2006).
Adolescents who are not already engaging in organised PA in the transition to adolescence may
lack the physical proficiency required to join (Brooks & Magnusson 2007; Thompson et al.
2003), whereas those who have developed these skills may be more inclined to continue.
Active transport peaked at 13y among both sexes in the present study, although the
trend was statistically significant for boys only. This result was not evident in national crosssectional data in Australia (Australian Bureau of Statistics 2013a), although a statistically
significant increase in active transport was evident among boys but not girls in an Australian
longitudinal study (n=201) between 10-12y and 13-15y (Carver et al. 2011). Parents generally
become more confident in their child’s ability to travel independently as they age, particularly
around 12y (Faulkner et al. 2010). However, the transition from primary to high school may
inhibit active transport participation due to greater travel distances to school and changes in peer
group dynamics (Carver et al. 2011; Sirard & Slater 2008). There is also evidence that some
forms of active transport (e.g. cycling) may become less fashionable or ‘cool’ in high school
years, thus leading to a decline in participation (Underwood et al. 2014).
In the present study, active chores and work increased and then stabilised. This domain
was not reported in national ABS data (Australian Bureau of Statistics 2013a), although the
present trend was consistent with studies included in a recent systematic review (Brooke et al.
2014; Lee 2014) and a previous longitudinal study of household chores in general (Lam et al.
2016). Participation in active chores/work was not moderated by sex in the present study, which
was also consistent with the previous longitudinal trend in general household chores (Lam et al.
2016). However there is evidence that sex differences in household work may intensify in later
adolescence (Hilbrecht et al. 2008).
LSAC is the only known public source of national longitudinal time-use data collected
from Australian children and adolescents (Centre for Time Use Research n.d.). However, the
use of this dataset in the present study has incurred some limitations. Although other 24-hour
TUD instruments have collected reliable (Ridley et al. 2006) and valid (Gershuny et al. 2017)
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estimates of overall PA, there may be some variation between days of the week in the present
study. This was partially mitigated by controlling for school attendance on the day of TUD
completion. Recall bias may also be evident due to the self-report nature of the TUD. However,
self-report methods are often used to measure participation in domains of PA because this
information cannot easily be obtained via more objective methods such as accelerometry
(Warren et al. 2010). There were also slight changes in the wording of TUD activity codes
between waves, although the PA domains generally harmonise well as a whole. However, it is
worth noting that organised PA may have been underestimated because school PE lessons were
not measured in these waves. LSAC is also a ‘closed’ longitudinal study, which means that no
participants have been recruited since baseline. Immigrants arriving in Australia after 2004 are
not included, which may affect the representativeness of the cohort indicated by the ‘language
spoken at home’ variable (Australian Institute of Family Studies 2015). In addition, interaction
models did not control for multiple comparisons so the results should be interpreted in this light.
It is also worth noting that girls tend to enter puberty earlier than boys (Petersen et al. 1988),
and this may be a factor in girls’ earlier decline in non-organised PA (Drenowatz et al. 2010).
Future studies should therefore include pubertal status in longitudinal analyses. Finally,
although the chosen population weight was the best available option, it does not account for
non-response beyond wave 4.
Despite these limitations, the present study contributes to a better understanding of
longitudinal changes in participation in domains of PA. The concurrent examination of multiple
domains of PA has identified non-organised PA as the domain most prone to decline during the
transition from childhood to adolescence in the present sample. The external validity of this
trend in the Australian context is supported by national cross-sectional statistics (Australian
Bureau of Statistics 2013a). This information may be useful in designing more nuanced health
promotion strategies targeting the decline in non-organised PA (Sallis 2000), particularly in
Australia. For example, future interventions may seek to adapt aspects of Högman and
Augustsson’s (2017) ‘organised spontaneous sport’ approach, which provided a supervised
location for youth to engage in informal sports of their own choosing. This strategy may be
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expanded to allow youth to engage in a wider variety of physical activities that may not be
categorised as ‘sports’, such as playground games or parkour. This approach would benefit from
additional research to provide a more detailed understanding of specific types of non-organised
PA that are prone to decline (Active Healthy Kids Australia 2016).
The present study has also highlighted moderators of change in some domains of PA.
This information may be used to target particular population segments at specific ages (National
Social Marketing Centre 2011). For example, non-organised PA declined more steeply between
11y and 13y among girls and those from a non-English speaking background. Australian
interventions seeking to promote non-organised PA during the transition to adolescence may
consider targeting these population segments. This strategy may be enhanced by additional
research to identify the broader determinants of non-organised PA in the transition from
childhood to adolescence.

5.5 Conclusion
This study explored longitudinal trends in participation in domains of PA among Australian
youth during the transition to adolescence. Non-organised PA was the most prone to decline
during this transition, with the steepest declines occurring among girls and those from a nonEnglish speaking background between 11y and 13y. These results highlight potential
opportunities to lessen the longitudinal decline in PA participation by targeting non-organised
PA during the transition from childhood to adolescence. Future intervention strategies may be
best targeted at girls or those from a non-English speaking background during the transition to
adolescence.
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Chapter 6: Socio-ecological predictors of non-organised physical
activity participation and decline between childhood and adolescence
The previous chapter aimed to investigate longitudinal trends in overall PA, non-organised PA,
organised PA, active transport and active chores/work between late childhood (11y) and midadolescence (15y); and to assess potential sociodemographic moderators of changes. A key
finding of this chapter was that non-organised PA was particularly prone to decline between
these years of age. This suggests that further research on this domain of PA may be helpful to
support targeted PA promotion strategies. In particular, the following chapter seeks to extend
the findings of Chapter 5 by testing a broad range of social ecological predictors of nonorganised PA participation at 13y, as well as predictors of decline in participation between 11y
and 13y.

The following research question is investigated in this chapter:

Research Question 2:
What are the socio-ecological predictors at 11y, of:
i.

Non-organised PA participation at 13y?

ii.

The decline in non-organised PA participation between 11y and 13y?

This manuscript has been accepted as:
Kemp, BJ, Cliff, DP, Batterham, M & Parrish, AM in press-a, ‘Socio-ecological predictors of
non-organized physical activity participation and decline between childhood and adolescence’, J
Sports Sci, doi: https://doi.org/10.1080/02640414.2020.1808296.
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6.1 Background
Regular participation in PA is beneficial to the health of children and youth (Poitras et al. 2016).
However, PA participation is prone to decline over the life course (Sallis 2000), and this decline
is particularly steep during adolescence (Dumith et al. 2011). In Australia, there is evidence that
the bulk of the decline in PA participation during late childhood and adolescence occurs in the
domain of non-organised PA between 11y and 13y (Kemp et al. 2020a). Non-organised PA
includes activities that tend to be spontaneous, freely-chosen, unstructured and that occur for
their own sake; such as playground games and informal sport (Active Healthy Kids Australia
2016). Information about the potential predictors of non-organised PA may inform the
development of targeted interventions to promote PA among youth.
Most of the existing evidence about factors that are related to non-organised PA
participation comes from cross-sectional studies. These studies have shown that children and
adolescents are more likely to participate in non-organised PA if they are males (Bengoechea et
al. 2010; Esteban-Cornejo et al. 2014), have a lower BMI (Bengoechea et al. 2010) and enjoy
PA (Bengoechea et al. 2010; Veitch et al. 2010). In contrast, youth are less likely to participate
in non-organised PA if they live on a busy road (Veitch et al. 2010) or have an overseas-born
parent (Cespedes et al. 2013). Participation in non-organised PA has also been positively
correlated with self-efficacy (Smith et al. 2010), parent educational attainment (Telama et al.
2009), household income (Asfour et al. 2016), parental PA (Marques et al. 2014), parental
support for PA (Appelhans & Li 2016) (including taking the child to a park) (Veitch et al.
2010), parental perceptions of neighbourhood safety (Veitch et al. 2010), the child having
friends in the neighbourhood (Veitch et al. 2010) and the presence of neighbourhood facilities
such as parks and pools (Mota et al. 2009). Although these studies provide a helpful foundation,
most of the existing studies have tested only a few variables in isolation. By contrast, testing a
wide range of factors concurrently in the same study may identify the relative importance of
predictors of non-organised PA. In addition, longitudinal analyses may extend knowledge by
testing the predictors of later behaviour, rather than merely identifying correlates. These
predictors may be used to inform PA promotion strategies within a social marketing framework,
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such as segmentation (targeting population groups that are less likely to participate in future
non-organised PA) and exchange (seeking to replace benefits that youth may be seeking in
alternative behaviours) (National Social Marketing Centre 2011).
Bronfenbrenner’s Social Ecological Model provides a helpful framework for exploring
predictors of non-organised PA (Bronfenbrenner 1979), as it is a comprehensive, populationlevel model that is commonly used to conceptualise factors related to a range of public health
outcomes (Chacko & Chacko 2010), such as participation in organised sports (Vella et al.
2014). This model assumes that outcomes may be related to intra-personal characteristics, as
well as various levels of the environment ranging from the micro-system (immediate contexts
such as family or school) to the macro-system (broad trends that affect all other systems, e.g.
season) (Bronfenbrenner 1979). Of the studies cited in the previous paragraph, three specifically
cited this model as a guiding framework for investigation (Appelhans & Li 2016; Bengoechea et
al. 2010; Veitch et al. 2010). One study was conducted with Canadian youth (12-15y) and found
that non-organised PA was associated with intra-personal factors (sex, weight and enjoyment of
physical education) (Bengoechea et al. 2010). Another study was conducted with Australian
children (9y) and found that active play was associated with intra-personal (preference for PA)
and micro-environmental factors (parental perceptions of neighbourhood safety, family visiting
a park weekly, living in a cul-de-sac and having friends in the neighbourhood) (Veitch et al.
2010). Similar micro-environmental factors were found to be correlated with unstructured active
play among USA youth aged 6-13y (family support for PA, neighbourhood safety) (Appelhans
& Li 2016). All of these studies were limited to cross-sectional analyses. To our knowledge, no
prior studies have tested the longitudinal predictors of non-organised PA within a socioecological framework.
Therefore, the present study aimed to explore the socio-ecological predictors of: (i) nonorganised PA participation at 13y; and (ii) decline in non-organised PA participation between
11y and 13y. Based on existing cross-sectional evidence, we hypothesised that significant
predictors would mostly relate to the characteristics of the child, as well as their family and
neighbourhood.
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6.2 Methods
6.2.1 Setting and procedures
The present study utilised data from the Kindergarten (K) cohort of the Longitudinal Study of
Australian Children (LSAC) (Department of Social Services; Australian Institute of Family
Studies; Australian Bureau of Statistics 2018). LSAC is an ongoing study managed by the
Australian Department of Social Services (Australian Institute of Family Studies 2015). The
study began in 2004 with a nationally-representative sample of 4-5 year old children who were
subsequently followed-up every two years.

6.2.2 Participants
LSAC participants were recruited from the Australian Medicare database in a two-stage
clustered design (random selection of postcodes and then families). Children were eligible to
participate if they were born between March 1999 and February 2000 (Australian Institute of
Family Studies 2015). A total of 4,983 families participated at baseline (50.4% of those invited
to participate) (Australian Institute of Family Studies 2015). The present study draws on LSAC
data collected during Wave 4 (2010) and Wave 5 (2012) when the average age of participants
was 11y and 13y respectively.

6.2.3 Measures
The duration of non-organised PA at each wave was derived from time-use diaries (TUDs)
completed by participants. Self-report instruments such as TUDs are often used to measure
domain-specific PA because this cannot be easily determined through more objective methods
(e.g. accelerometry) (Warren et al. 2010). At each wave, participants were mailed an openended paper diary and were asked to record their activities in their own words for a 24-hour
period (Corey et al. 2014). Similar 24-hour TUD instruments have provided valid (Gershuny et
al. 2017) and reliable (Ridley et al. 2006) measures of overall PA. Participants recorded their
activities on the day before their interview. Participants who went to school on this day were
told to record activities conducted during school breaks but not during school lessons (including
Physical Education lessons). Interviewers then used a predetermined coding framework (Corey
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et al. 2014) to enter the TUD data during the home visit.
Participation in non-organised PA was measured in Wave 4 using the TUD activity
code ‘ball games, riding bike/scooter/skateboard, skipping, running, chasing’. The overall code
‘unstructured active play’ was adopted in wave 5. The duration of non-organised PA was
rounded to nearest 5 minutes for all cases. A detailed description of other domains of PA has
been reported previously (Kemp et al. 2020a).
A range of potential predictors were identified from systematic reviews of PA
participation during childhood and adolescence (Biddle et al. 2011; Park & Kim 2008; Sallis et
al. 2000b; Sterdt et al. 2013; Uijtdewilligen et al. 2011; Van Der Horst et al. 2007), as well as
studies described in the introduction to the present study. Figure 6.1 outlines the potential
predictors included in this study, arranged according to the levels of Bronfenbrenner’s Social
Ecological Model (Bronfenbrenner 1979). Potential predictor variables included
demographic/physical characteristics (e.g. sex, body mass index), psychosocial characteristics
(e.g. temperament, mental health), behavioural characteristics (e.g. sport participation, screen
time), family characteristics (e.g. number of siblings, parental PA), school characteristics (e.g.
type of school), peer relations (e.g. bullying) and neighbourhood characteristics (e.g. rurality).
All potential predictors were measured at 11y. Appendix N provides a description of each
predictor including psychometric information (note: psychometric data were not available for all
potential predictors).
Season of measurement was included in analyses as a potential confounding variable
because participation in non-organised PA has been shown to be higher in warmer months
(Santos et al. 2005). The season of measurement was derived from the interview date at each
wave. Another potential confounder was whether or not the child attended school on the day
that they completed the TUD (yes/no). This information was included as a variable in the LSAC
datasets and any missing data was imputed using the “school lessons” activity code (children
were assumed to have attended school if the “school lessons” code was used).
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Figure 6.1 Diagram of potential predictors of non-organised PA, arranged according to
the levels of Bronfenbrenner’s Social Ecological Model

Individual characteristics of child
Physical/demographic
Sex, BMI z-score, pubertal development, gross motor coordination, physical
health-related quality of life, perceived global health, Indigenous status,
linguistic diversity
Psychosocial
Internalising symptoms, externalising symptoms, temperament (introversion,
persistence, reactivity), global self-concept, anxiety / depression disorder,
non-verbal intelligence, religious attendance, PA enjoyment
Behavioural
Whether child usually sleeps for recommended duration, sport participation
(past year), playground or pool attendance (past month), sporting event
attendance (past month), duration of watching TV/week, duration of
electronic games use/week, duration of computer use/week, serves of fruit
and vegetables/day, serves of high fat foods/day, serves of high sugar
drinks/day
Micro-system (immediate contexts in which the individual partakes)
Family
Number of siblings at
home, single-parent status,
socioeconomic position of
family, BMI of main
responding parent, PA of
main responding parent,
parental PA with child
(past week), responsive
parenting style of mother /
father, TV in child’s room

School
Type of school (public or
private / independent),
child’s self-rated school
performance, school
attendance on day of TUD
(potential confounder)
Peers
Perceived peer relations,
bullying victimisation

Exo-system (settings that may influence the
individual but do not directly involve them)

Macro-system (overall trends that affect the other
systems)
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Neighbourhood
Urban/rural
status, parental
perceptions of
neighbourhood
(good parks,
safe outside,
heavy traffic,
neighbours help
each other)

Main responding parent’s
perceived level of social support
Season of measurement
(potential confounder)

6.2.4 Analysis
Data processing was performed using SPSS version 21 (IBM Corporation, Armonk, NY, USA)
and statistical analyses were conducted using Stata 15 (StataCorp, College Station, TX, USA).
Two separate analyses were conducted to examine (i) predictors of non-organised PA
participation at 13y, and (ii) predictors of decline in non-organised PA participation between
11y and 13y. Both sets of analyses were conducted in a two-stage process. First, preliminary
models were conducted to test the relationship between each individual predictor variable and
the outcome variable. At the second stage, all predictors that were statistically significant or
approaching significance (p<0.1) were included in the final model. Preliminary and final models
included potential confounding variables. Collinearity among variables was deemed satisfactory
prior to performing final models because all variables had a variance inflation factor (VIF) of
less than 2 and a tolerance of greater than 0.5 (Hair et al. 1998). The LSAC Wave 1 and 5
population weight was also applied in analyses to improve the representativeness of the data.
Statistical significance was set at p<0.05 in the final models.
Cragg hurdle regression models (Cragg 1971) were used to test predictors of nonorganised PA at 13y. The hurdle model is a two-stage, modified count model suitable for data
with an over-dispersion of a particular value (Mullahy 1986). In the present study, a hurdle
model was appropriate due to an abundance of cases with zero minutes of non-organised PA
(approximately 60% of the Wave 5 sample). Hurdle models use separate equations to
simultaneously model dichotomous and continuous aspects of the same variable (StataCorp
LLC 2018). The hurdle model was thus used to analyse predictors of the likelihood of
participation in non-organised PA (yes/no) and the duration of non-organised PA among those
who participated (minutes).
Continuous data in the form of change scores were originally intended to be used as a
measure of change in non-organised PA between 11y and 13y. However, this proved to be
problematic because a change score of zero could either represent a stable amount of
participation over time (e.g. 30 minutes at both waves) (n=40) or more commonly, an absence
of participation over time (i.e. zero minutes at both waves) (n=683). One possible solution was
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to exclude those with zero participation at both waves, although this would have resulted in a
substantial reduction in the analytic sample size. Therefore, participants were instead grouped
into those who reduced their non-organised PA participation between 11y and 13y and those
who did not. This led to the use of binary logistic regression models to test the predictors of
decline in non-organised PA between 11y and 13y. Prior to conducting binary logistic
regression models, the linearity of potential predictor variables and the logit transformation of
the outcome was tested according to the method described by Field (2009). One continuous
variable was recoded to a categorical variable for this analysis in order to satisfy the log
linearity assumption (physical health-related quality of life).
In both sets of analyses (Cragg hurdle and binary logistic regression), a subset of
participants who did not change postcodes between waves was used in preliminary models to
test urban/rural status and parental perceptions of neighbourhood characteristics (good parks,
safe outside, heavy traffic, neighbours help each other). This was done to control for the
possible confounding effect of changing neighbourhoods between waves. Subpopulation
analysis was used in Stata to allow the entire sample design to be taken into account when
producing variance estimates of a subset of cases (West et al. 2008). Final models were not
restricted in this way because they did not include any of the geographic / neighbourhood
variables listed above, as these were not statistically significant in initial models.

6.3 Results
6.3.1 Predictors of non-organised PA participation at 13y
In total, 3,956 respondents participated in Wave 5 of the LSAC study. Of those, 3,193
participants (81%) were included in the final hurdle model (predictors of non-organised PA at
13y). Participants were excluded because they had missing TUD data (n=311) or missing data
for at least one predictor in the model (n=452). Participants who were excluded from the model
were of lower socioeconomic position (p<0.001) and were more likely to attend public school
(p<0.001), to speak a language other than English at home (p=0.010), to be of Aboriginal or
Torres Strait Islander origin (p<0.001) and to live in a single-parent family (p<0.001). Excluded
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participants were also more likely to live in a regional or remote area (p=0.035) and were more
likely to have been interviewed in spring or summer in Wave 4 (p<0.001). Included and
excluded participants did not differ significantly in terms of sex, non-organised PA participation
or day of interview (school or non-school day). The key demographic characteristics of the total
sample and those included in each final model are shown in Table 6.1.

Table 6.1 Characteristics of the sample, LSAC data ab
Variable [wave of measurement]

Total LSAC
sample [W5]

Included in
hurdle model

Sample size, n
Females, n (%) [w1]
Age of child, mean (SD) [w5]
Participation in non-organised PA
Any participation, n (%) [w5]
Minutes of participation, mean (SD)
[w5]
Family socioeconomic position index,
mean (SD) [w4] c

3,956
1,936 (48.9%)
12.9 (0.3)

3,193
1,581 (49.5%)
12.9 (0.3)

Included in
binary logistic
regression model
3,222
1,609 (49.9%)
12.9 (0.3)

1,452 (39.8%)
35.2 (66.1)

1,271 (39.8%)
34.7 (65.4)

1,281 (39.8%)
34.4 (65.2)

0.0 (1.0)

0.1 (1.0)

0.1 (1.0)

Child attends public school, n (%) [w4]

2,438 (63.5%)

1,986 (62.2%)

1,981 (61.9%)

Speaks a language other than English at
home, n (%) [w4]

292 (7.7%)

225 (7.2%)

223 (7.1%)

Aboriginal or Torres Strait Islander, n (%)
[w1]

113 (2.9%)

56 (1.8%)

60 (1.9%)

Single-parent family, n (%) [w4]

577 (14.9%)

310 (9.7%)

306 (9.5%)

Lives in regional or remote area, n (%)
[w4]
Attended school on day of TUD, n (%)
[w5]
Season of measurement, n (%) [w5]
Summer
Autumn
Winter
Spring

617 (15.6%)

479 (15.0%)

491 (15.2%)

1,971 (54.1%)

1,734 (54.3%)

1,747 (54.2%)

143 (3.6%)
718 (18.1%)
1,701 (43.0%)
1,394 (35.2%)

95 (3.0%)
582 (18.2%)
1,416 (44.3%)
1,100 (34.5%)

93 (2.9%)
597 (18.5%)
1,425 (44.2%)
1,107 (34.4%)

Data from the Longitudinal Study of Australian Children (LSAC), collected in Australia in 2004 (w1),
2010 (w4), 2012 (w5)
n = number of participants; w = wave of measurement; % = proportion of sample; SD = standard
deviation
a. Missing data are excluded from percentages.
b. Variable-specific missing data (overall sample): non-organised PA / TUD school attendance (n=311),
language spoken at home (n=187), socioeconomic position (n=123), school type (n=118), number of
parents in home (n=96), Indigenous status (n=2), remoteness (n=1).
c. The socioeconomic position index ranged from -5.4 to 2.9 in the overall sample (n=3,956).
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Table 6.2 shows the results of the hurdle models used to test predictors of the likelihood
of participation in non-organised PA. In the preliminary models, 18 out of 47 variables were
identified as potential predictors of the likelihood of participating in non-organised PA at 13y
(p<0.1), and these were included in the final model. These variables included demographic,
physical, psychosocial, behavioural, family and peer characteristics. In the final model, four of
these variables significantly predicted participation in non-organised PA at 13y. Respondents
who participated in non-organised PA at 13y were less likely to be females (OR=0.66,
p<0.001), more likely to enjoy being physically active (OR=1.36, p=0.007), lived with a larger
number of siblings (OR=1.11, p<0.001) and spent less time using a home computer (OR=0.98,
p=0.002).
Table 6.3 shows the results of the hurdle models used to test predictors of the duration
of non-organised PA participation at 13y. Preliminary models identified 4 out of 47 variables as
potential predictors (p<0.1). These variables were sex, pubertal development, externalising
symptoms and attendance at a public school. When these variables were included in the final
model, the only significant predictor of non-organised PA duration was sex, with females
spending less time in participation (β = -77.77, p=0.048). Overall, the final hurdle model did not
reach statistical significance (p=0.710).

6.3.2 Predictors of change in non-organised PA participation
A total of 3,222 participants (81% of Wave 5 participants) were included in the final binary
logistic regression model used to test predictors of decline in non-organised PA between 11y
and 13y. Participants who were excluded from the final model were more likely to be male
(p=0.008), to be of lower socioeconomic position (p<0.001), to attend public school (p<0.001),
to speak a language other than English at home (p=0.001), to be of Aboriginal or Torres Strait
Islander origin (p<0.001), to live in a single-parent family (p<0.001) and to have been
interviewed in spring or summer in Wave 4 (p<0.001). Included and excluded participants did
not differ significantly in terms of geographical remoteness, non-organised PA participation or
day of interview (school or non-school day).
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Table 6.2 Predictors of the likelihood of non-organised PA participation at 13y (yes/no),
hurdle model a
PRELIMINARY MODELS
Potential predictor
(w4)
n
OR (95% CI)
p-value
Demographic / physical characteristics of child

FINAL MODEL
n

OR (95% CI)

p-value

Sex (females)

3,645

0.67 (0.62, 0.73)

0.000***

3,193

0.66 (0.59, 0.73)

0.000***

BMI z-score

3,468

0.96 (0.92, 1.00)

0.062

3,193

0.96 (0.91, 1.01)

0.154

Pubertal development

3,547

0.77 (0.70, 0.84)

0.000***

3,193

1.00 (0.88, 1.13)

0.972

Gross motor
coordination

3,568

1.16 (1.06, 1.28)

0.002**

3,193

1.05 (0.95, 1.18)

0.336

0.089

3,193

1.00 (0.98, 1.02)

0.774

0.055

3,193

1.00 (0.93, 1.06)

0.927

0.056

3,193

0.99 (0.93, 1.07)

0.859

0.010*

3,193

1.06 (0.95, 1.18)

0.279

Psychosocial characteristics of child
Externalising
3,546 1.01 (1.00, 1.03)
symptoms
Introversion
3,547 0.95 (0.89, 1.00)
(temperament)
Persistence
3,547 0.95 (0.90, 1.00)
(temperament)
Global self-concept
3,534 1.10 (1.02, 1.18)
Non-verbal
intelligence
PA enjoyment (quite a
lot/a lot)

3,535

0.99 (0.98, 1.00)

0.021*

3,193

0.99 (0.98, 1.00)

0.177

3,534

1.46 (1.19, 1.79)

0.000***

3,193

1.36 (1.09, 1.69)

0.007**

0.054

3,193

1.09 (0.95, 1.25)

0.213

0.062

3,193

1.00 (0.90, 1.11)

0.989

0.002**

3,193

0.98 (0.97, 0.99)

0.002**

0.013*

3,193

1.01 (0.99, 1.03)

0.350

Behavioural characteristics of child
Regular sport
3,570 1.12 (1.00, 1.26)
participation in past
year (yes)
Attended sporting
3,570 1.10 (1.00, 1.20)
event in past month
(yes)
Usual duration of
3,570 0.98 (0.98, 0.99)
home computer use/wk
(hrs)
Number of servings of
3,531 1.03 (1.01, 1.05)
high fat foods (24hr
recall)
Micro-environmental characteristics
Family characteristics
Number of siblings at
home
Parental PA with child,
# days/wk
Responsive parenting
style of father

3,571

1.10 (1.05, 1.15)

0.000***

3,193

1.11 (1.05, 1.16)

0.000***

3,570

1.06 (1.01, 1.11)

0.025*

3,193

1.02 (0.96, 1.08)

0.484

3,317

0.95 (0.90, 1.01)

0.098

3,193

1.02 (0.95, 1.09)

0.613

Peer relations
Perceived peer
3,534 1.11 (1.05, 1.17) 0.000*** 3,193 1.06 (0.98, 1.15)
0.123
relations
Data from the Longitudinal Study of Australian Children (LSAC), collected in Australia in 2010 (w4) and
2012 (w5)
n = number of participants; OR = odds ratio; CI = confidence interval; w = wave
Bold text indicates statistically significant predictors: ***p<0.001; **p<0.01; *p<0.05
a. All individual predictors listed in this table were statistically significant or approaching
significance in preliminary models (p<0.1). All preliminary models are provided in Appendix O.
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Table 6.3 Predictors of the duration of non-organised PA participation at 13y (min/day), hurdle model a
PRELIMINARY MODELS

Potential predictor

FINAL MODEL

n

β (95% CI)

p-value

n

β (95% CI)

p-value

Sex (females)

3,645

-100.13 (-4.01, -196.24)

0.041*

3,193

-77.77 (-155.01, -0.53)

0.048*

Pubertal development scale

3,547

-56.50 (-123.39, 10.40)

0.098

3,193

-16.58 (-61.12, 27.95)

0.464

Psychosocial characteristics of child
Externalising symptoms

3,546

7.61 (-0.78, 16.01)

0.075

3,193

6.39 (-1.15, 13.92)

0.096

3,549

58.27 (-4.01, 120.56)

0.067

3,193

49.15 (-2.23, 100.53)

0.061

Demographic / physical characteristics of child

Micro-environmental characteristics
School characteristics
Child attends public school

Data from the Longitudinal Study of Australian Children (LSAC), collected in Australia in 2010 (w4) and 2012 (w5)
n = number of participants; β = unstandardised regression coefficient; CI = confidence interval; w = wave
Bold text indicates statistically significant predictors: ***p<0.001; **p<0.01; *p<0.05
a.

All individual predictors listed in this table were statistically significant or approaching significance in preliminary models (p<0.1). All preliminary models are
provided in Appendix O.

113

Table 6.4 shows the results of binary logistic regression models used to test predictors
of decline in non-organised PA participation between 11y and 13y. In the preliminary models, 7
out of 47 variables were identified as potential predictors (p<0.1) of the decline in nonorganised PA participation, and these were included in the final model. These variables were
internalising symptoms, PA enjoyment, whether the child attended a sporting event in the past
month, number of serves of high sugar drinks (24-hour recall), socioeconomic position (zscore), paternal responsiveness and perceived peer relations. When these variables were
included in the final model, the only significant predictors of the decline in non-organised PA
were socioeconomic position and the number of serves of high sugar drinks. Participation in
non-organised PA was less likely to decline between 11y and 13y among those of higher
socioeconomic position (OR=0.92, p=0.047). Non-organised PA was more likely to decline
among youth who consumed more high sugar drinks at 11y (OR=1.06, p=0.033). The final
binary logistic model was significant (p<0.001).
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Table 6.4 Predictors of the likelihood of decline in non-organised PA participation between 11y and 13y (yes/no), binary logistic regression model a
PRELIMINARY MODELS
Potential predictor (w4)

FINAL MODEL

n

OR (95% CI)

p-value

n

OR (95% CI)

p-value

Psychosocial characteristics of child
Internalising symptoms

3,456

0.98 (0.95, 1.00)

0.062

3,222

0.99 (0.96, 1.02)

0.393

PA enjoyment (a lot/quite a lot)

3,465

1.35 (1.00, 1.84)

0.053

3,222

1.18 (0.85, 1.64)

0.319

Behavioural characteristics of child
Attended a sporting event in the past month (yes)

3,471

1.14 (0.99, 1.32)

0.064

3,222

1.09 (0.94, 1.27)

0.250

Number of serves of high sugar drinks (24hr recall)

3,463

1.06 (1.01, 1.12)

0.020*

3,222

1.06 (1.00, 1.12)

0.033*

Socioeconomic position (z-score)

3,450

0.93 (0.87, 1.01)

0.079

3,222

0.92 (0.84, 1.00)

0.047*

Responsive parenting style of father

3,253

0.91 (0.83, 1.00)

0.047*

3,222

0.92 (0.83, 1.01)

0.084

3,465

1.13 (1.03, 1.24)

0.010*

3,222

1.06 (0.95, 1.18)

0.269

Micro-environmental characteristics
Family characteristics

Peer relations
Perceived peer relations

Data from the Longitudinal Study of Australian Children (LSAC), collected in Australia in 2010 (w4) and 2012 (w5)
n = number of participants; OR = odds ratio; CI = confidence interval; w = wave
Bold text indicates statistically significant predictors: ***p<0.001; **p<0.01; *p<0.05
a.

All individual predictors listed in this table were statistically significant or approaching significance in preliminary models (p<0.1). All preliminary models are
provided in Appendix O.
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6.4 Discussion
The aim of this study was to explore the socio-ecological predictors of: (i) nonorganised PA participation at 13y; and (ii) decline in non-organised PA participation between
11y and 13y. In the final hurdle model, the likelihood of participating in non-organised PA at
13y was significantly predicted by sex, enjoyment of PA, number of siblings and home
computer use at 11y. Females also tended to spend less time in non-organised PA at 13y,
although the overall hurdle model was not significant. Finally, non-organised PA was less likely
to decline between 11y and 13y among youth of higher socioeconomic position and more likely
to decline among youth who consumed more high sugar drinks at 11y.
The multivariate approach used in this study enabled the exploration of the relative
influence of socio-ecological domains on non-organised PA participation (Bronfenbrenner
1979). Significant predictors in final models tended to relate to the intra-personal characteristics
of participants (physical, psychosocial and behavioural), which was similar to the crosssectional findings of a previous socio-ecological study conducted with Canadian adolescents
(12-15y) (Bengoechea et al. 2010). In particular, two of the significant correlates of nonorganised PA among Canadian youth were also significant predictors in our study (sex and PA
enjoyment) (Bengoechea et al. 2010). By contrast, previous socio-ecological studies conducted
with Australian children (9y) (Veitch et al. 2010) and American youth (6-13y) (Appelhans & Li
2016) reported family and neighbourhood characteristics as more prominent correlates of active
play (e.g. family visiting a park weekly (Veitch et al. 2010), family support for PA (Appelhans
& Li 2016), parental perceptions of the neighbourhood (Appelhans & Li 2016; Veitch et al.
2010)). This difference may be attributable to the younger age groups included in these previous
studies, as parents tend to become more confident of their child’s ability to travel independently
in their neighbourhood during early adolescence (Faulkner et al. 2010).
The most consistent intra-personal predictor of non-organised PA participation in this
study was sex. Females were less likely to participate in non-organised PA and spent less time
participating at 13y, which is in line with correlations presented in previous cross-sectional
studies (Appelhans & Li 2016; Asfour et al. 2016; Esteban-Cornejo et al. 2014). This may
116

reflect self-consciousness associated with puberty (Cumming et al. 2012), as previous research
indicates that menarche occurred for the majority of females in this sample between 11y and
13y (May et al. 2017). Females may also avoid non-organised PA during early adolescence due
to a lack of active female role models (Bruce 2013) and a preference for socialising during their
free time (Ridgers et al. 2012). In response, information about the PA interests and challenges of
adolescent girls may be used to develop tailored strategies to promote non-organised PA
participation among this audience. For example, types of PA that are social and non-competitive
are more likely to be of interest to adolescent girls (Martins et al. 2015). Other strategies to
promote non-organised PA may include providing a private space for adolescent girls to engage
in PA without feeling self-conscious (Deterding 2017) and the trial of interventions to promote
positive body image among this audience (Franko et al. 2013).
Non-organised PA was positively predicted by one psychosocial factor in the present
study (PA enjoyment). Those who enjoyed being physically active at 11y were more likely to
participate in non-organised PA at 13y, in line with correlations presented in previous crosssectional studies of overall PA (Best et al. 2017). This is also in line with qualitative evidence
that youth who remain active during adolescence tend to be motivated by factors that are
intrinsic to PA participation, such as mastery (Martins et al. 2015). By contrast, youth who drop
out of PA participation tend to report being motivated by extrinsic factors (Martins et al. 2015),
which may include shared experience and belonging (Scanlan & Lewthwaite 1986). As a result,
youth who drop out of PA participation may seek these extrinsic benefits in alternative,
sedentary activities. For example, one behavioural predictor in the present study was computer
use. Social marketing strategies may therefore focus on types of PA that are capable of
replacing benefits that youth are seeking in sedentary activities (National Social Marketing
Centre 2011). For example, augmented reality games such as Pokémon Go have been found to
be effective in promoting physical activity participation among population segments that are
motivated by electronic gaming (Althoff et al. 2016).
This study also found that youth who consumed more sugary drinks at 11y were more
likely to reduce their non-organised PA participation between 11y and 13y. This may reflect the
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clustering of unhealthy behaviours, which tends to occur more as youth age (Mayne et al. 2020).
Young people usually gain more independence from their family during adolescence, and this
can lead to the adoption of additional unhealthy behaviours during this stage of life (Bruening et
al. 2014; Koehn et al. 2016). In addition, peers often play an important role in shaping health
behaviours during adolescence, such as sugary drink consumption (Lally et al. 2011; Watts et al.
2018; Wouters et al. 2010). This can result in adolescent peer groups that share similar health
behaviours, as evidenced by a recent study by Jordan and colleagues (2019). This study drew on
representative data from American youth (n=4,367) in order to profile the health behaviours of a
range of ‘peer crowds’ (Jordan et al. 2019). In particular, one of the ‘peer crowds’ identified by
Jordan and colleagues (2019) was the ‘hip hop’ cluster which was characterised as having lower
PA participation and above-average consumption of sugary beverages compared with other
clusters. Therefore, it may be speculated that the role of sugary drink consumption in the present
study may partly reflect the normative health behaviours of participants’ peer groups. Despite
this, only two peer-related variables were included in the present analyses and neither of these
were related to the perceived or actual health behaviours of the participants’ peers. Therefore,
future studies may shed light on this by including measures of peer health behaviours in
analyses.
In terms of micro-environmental factors, only a small number of family characteristics
were significant in predicting non-organised PA. One positive predictor was the number of
siblings living in the household, and this was consistent with correlations presented in a
previous cross-sectional study (Veitch et al. 2010). Given the spontaneous and self-directed
nature of non-organised PA (Active Healthy Kids Australia 2016), it is unsurprising that youth
with more siblings may have more opportunities for impromptu PA participation. By contrast,
in a study in the US, children with no siblings were shown to engage in less light PA and more
sedentary behaviour than other children (Kracht et al. 2019). In addition, a recent survey
reported that around 40% of Australian adults never or rarely speak with their neighbours,
which may indicate limited opportunities for sole children to play with others in their
neighbourhood (Relationships Australia 2019). One potential solution may involve gamified PA
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apps that allow youth to participate in collaborative PA with remote friends, similar to the app
used by adults in the recent STEP UP trial (Patel et al. 2019). Alternatively, PA programs
similar to Högman and Augustsson’s ‘organised spontaneous sport’ model (2017) may be used
to help youth with fewer siblings to engage in spontaneous and freely-chosen PA with their
peers. Such strategies may be targeted using census data on the geographic distribution of
families with sole children (Australian Bureau of Statistics 2016a).
The socioeconomic position of the family was a significant predictor of decline in nonorganised PA participation. Socioeconomic position has been previously found to restrict
participation in organised sports (Vella et al. 2014), due to barriers such as transport availability
and the lack of household funds to buy sporting equipment (Dollman & Lewis 2010). However,
participation in non-organised PA may also be affected by socioeconomic position due to
having less play equipment in the home and having more restrictive household rules regarding
active play in the neighbourhood (Tandon et al. 2012). Therefore, specialised strategies may be
used to promote non-organised PA among youth from low socioeconomic backgrounds. For
example, some schools in the USA facilitate after-school ‘intramural sports’ which allow youth
to play sport against their peers (Bocarro et al. 2014). This strategy has been found to promote
PA participation among youth with greater life challenges, including those from low
socioeconomic backgrounds (Kanters et al. 2013). Therefore, intramural-style activities may be
adapted to focus on types of non-organised PA (e.g. spontaneous active play, active video
games), in order to help Australian youth from low socioeconomic backgrounds to engage in
PA.
It is worth noting that relatively few variables in this study were found to significantly
predict the outcomes of interest. In particular, the amount of non-organised PA at 13y and the
likelihood of decline between 11y and 13y remained relatively unexplained. It is possible that
these aspects of non-organised PA may be attributable to factors not measured in the present
study. For example, there is some evidence that the decline in non-organised PA in the
transition to adolescence may occur due to injunctive social norms about how PA ‘ought to be’
(Cialdini et al. 1991). Qualitative evidence indicates that adolescents who drop out of PA
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participation often report a greater emphasis on competition and performance during this stage
of life, rather than PA being ‘just for fun’ (Martins et al. 2015). Some adolescents perceive that
this change occurs due to the influence of adults, such as parents (Yungblut et al. 2012) and
coaches (Campbell et al. 2018; Walters et al. 2015). Youth in the present sample may have
experienced this normative shift, irrespective of their individual characteristics. Future research
may explore other potential factors related to the longitudinal decline of non-organised PA
participation in the transition to adolescence, particularly social normative changes.
The strengths of the present study include the use of a large national sample and the
testing of a broad range of variables as potential predictors. Many of these potential predictors
were correlates of overall PA that had not, to our knowledge, been tested in the context of nonorganised PA before. Some significant predictors of non-organised PA had also not been tested
in this context before, such as PA enjoyment and the duration of computer use.
This study was also subject to some limitations. Although the LSAC is a comprehensive
study, some correlates identified from literature were not available, such as peer behaviour (e.g.
having friends in the neighbourhood (Veitch et al. 2010), peer participation/support for PA
(Spink et al. 2006)) and the environmental characteristics of the school (e.g. outdoor play
facilities (Haug et al. 2010)). It is recommended that future studies include additional variables
relating to these levels of the social ecological model. In addition, this study used a binary
measure of decline in non-organised PA between 11y and 13y. Future studies may explore
predictors of youth who did not participate in non-organised PA at either age or those who
declined the most. Although this was not within the scope of the present study, such
examinations may inform the development of tailored approaches to target youth who fit
particular longitudinal trajectories. In addition, although the psychometric data for some
variables has been provided in Appendix N, the validity and reliability of other measures was
unknown. This study also used a 24-hour TUD instrument as a measure of non-organised PA.
Although other 24-hour TUD instruments have been found to be valid (Gershuny et al. 2017)
and reliable (Ridley et al. 2006) for measuring overall PA, the evidence is less clear for domainspecific PA. There may have also been some degree of variation in TUD measurements between
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days of the week. This was partly ameliorated by controlling for school attendance on the day of
the TUD completion. The TUD instrument is also a self-report measure of PA, although this to a
large degree is unavoidable because more objective methods such as accelerometry cannot
easily determine the context of PA (Warren et al. 2010). The present study analysed data from a
national Australian sample, and results may not necessarily be generalisable to other locations.
Finally, although a data weight was used to improve the representativeness of the data, this did
not account for non-response to the TUD instrument or individual data items which resulted in
some non-response bias that was similar to the overall pattern of LSAC non-response (Cusack
& Defina 2013).

6.5 Conclusions
This study explored the socio-ecological predictors of: (i) non-organised PA participation at
13y; and (ii) decline in non-organised PA participation between 11y and 13y. In the final model,
the likelihood of participating in non-organised PA at 13y was significantly predicted by sex,
enjoyment of PA, number of siblings and home computer use at 11y. Females also tended to
spend less time in non-organised PA at 13y, compared with males. In addition, the only
significant predictors of the decline in non-organised PA in the final model were consumption
of high sugar drinks and socioeconomic position. Potential strategies to promote non-organised
PA participation among youth may include targeting females and those of lower socioeconomic
position in the transition to adolescence, emphasising the benefits of non-organised PA relative
to computer use, and potentially developing programs to assist youth to engage in spontaneous
and freely-chosen PA.
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Chapter 7: ‘Social Screens’ and ‘the Mainstream’:
longitudinal competitors of non-organised physical activity in
the transition from childhood to adolescence
The previous chapter explored social ecological predictors at 11y of: (i) non-organised PA
participation at 13y; and (ii) predictors of decline in non-organised PA participation between
11y and 13y. Those who participated in non-organised PA at 13y were less likely to be female,
more likely to enjoy PA, had a greater number of siblings and spent less time using a home
computer at 11y. The duration of non-organised PA participation was also lower among females
at 13y, and participation was more likely to decline among lower SES youth and those who
consumed more sugary drinks at 11y. Although these findings are helpful to support the
development and targeting of social marketing strategies to promote non-organised PA, other
information may also be useful. As discussed in Chapter 2, social marketing strategies may also
consider the patterns of alternative activities that may ‘compete’ with non-organised PA for the
time and attention of youth. Such ‘competitors’ of non-organised PA are the subject of the
following chapter. In particular, this chapter seeks to identify and describe segments of youth
whose participation in non-organised PA declined between 11y and 13y, based on changes in
other potential competing activities during this period.

The following research question is investigated in this chapter:

Research Question 3:
i.

Among youth whose participation in non-organised PA declined between 11y and
13y, can segments be identified based on changes in other potential competing
activities during this period?

ii.

What are the characteristics of these segments?

This chapter has been published as:
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Kemp, BJ, Parrish, A & Cliff, DP 2020b, ‘‘Social screens’ and ‘the mainstream’: longitudinal
competitors of non-organized physical activity in the transition from childhood to adolescence’,
International Journal of Behavioral Nutrition and Physical Activity, vol. 17, no. 5. doi:
https://doi.org/10.1186/s12966-019-0908-0.

7.1 Background
Participation in PA is favourably associated with a range of health outcomes for children and
youth (Poitras et al. 2016). However, combined data from 105 countries suggest that the
majority of youth are not meeting global PA recommendations (Hallal et al. 2012; World Health
Organization 2010). PA participation is prone to decline during late childhood and adolescence
(Dumith et al. 2011), and recent studies have explored whether this decline occurs in specific
domains of PA (Kemp et al. 2019). In particular, a recent Australian longitudinal study reported
a sharp decline in the domain of non-organised PA between 11y and 13y (Kemp et al. 2020a).
Non-organised PA includes activities that tend to be unstructured, freely-chosen, spontaneous
and occurring for their own sake (e.g. active play and informal sport) (Active Healthy Kids
Australia 2016). Non-organised PA accounted for the bulk of the decline in overall PA
participation among this cohort between 11y and 13y; while other domains of PA remained
stable (organised PA) or increased slightly (active transport and active work/chores) (Kemp et
al. 2020a). This indicates that declines in non-organised PA among this cohort were not
necessarily offset by sufficient increases in other domains of PA. Therefore, participation in
non-organised PA may be explored as a potential behavioural target for intervention in the
Australian context.
One approach to PA promotion is the use of social marketing (Kubacki et al. 2015), a
practice which seeks to “develop and integrate marketing concepts with other approaches to
influence behaviours that benefit individuals and communities for the greater social good”
(International Social Marketing Association; European Social Marketing Association &
Australian Association of Social Marketing 2013, p. 1). One aspect of the social marketing
framework is competition analysis, which seeks to determine factors that compete with the
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target behaviour for the time and attention of the audience (National Social Marketing Centre
2011). This information may then be used to promote the benefits of the target behaviour and
minimise the costs, relative to competing behaviours (National Social Marketing Centre 2011).
This approach may also enhance the process of market segmentation, by highlighting
differences in competing behaviours across segments (Dibb 2017).
Despite these potential benefits, the longitudinal competitors of non-organised PA are
relatively unknown. A systematic review (Ferrar et al. 2013) and subsequent literature search
revealed that only three studies of adolescent time-use clusters have included the domain of
non-organised PA (Landsberg et al. 2010; Olds et al. 2004; Spengler et al. 2015). Clusters
generally contrasted non-organised PA with screen time, although the extent of change in these
activities over time was unclear due to the cross-sectional design of studies (Landsberg et al.
2010; Olds et al. 2004; Spengler et al. 2015). Therefore, the objectives of the present study were
to identify and describe segments of youth whose participation in non-organised PA declined
between 11y and 13y, based on changes in other potential competing activities during this
period.

7.2 Methods
7.2.1 Participants and procedures
The present study included data from the Kindergarten cohort Longitudinal Study of Australian
Children (LSAC), an ongoing cohort study managed by the Australian Department of Social
Services (Australian Institute of Family Studies 2015). The study began in 2004 with a
nationally-representative sample of 4,983 children aged 4-5y (Australian Institute of Family
Studies 2015). A two-stage clustered sampling strategy was used to recruit participants within
postcodes from the national Medicare database (Australian Institute of Family Studies 2015).
Children were eligible for the study if they were born between March 1999 and February 2000
(Australian Institute of Family Studies 2015). Participants have been followed-up every two
years since baseline via mail, phone and interviewer visits. The present study draws on data
from Wave 4 (2010) and Wave 5 (2012) of the study, when the average age of children was 11y
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and 13y respectively. Data collection procedures for LSAC were approved by the Australian
Institute of Family Studies Ethics Committee and informed consent was provided by
participants (Australian Institute of Family Studies 2004). The present study was approved by
the University of Wollongong Human Research Ethics Committee (2017/275).

7.2.2 Measures
Time-use diaries (TUDs) were used in both waves to measure the duration of non-organised PA
and 13 potential competing activities over a 24-hour period. Self-report instruments such as
TUDs are often used in studies that focus on PA domains because the context of PA cannot
easily be determined via more objective methods such as accelerometry (Warren et al. 2010).
The use of TUDs also ensured that all input variables for cluster analysis were measured in the
same units (minutes). At both time-points, LSAC participants were mailed a paper diary with
instructions to record their activities for a 24-hour period on the day before their interview
(Corey et al. 2014). The diary had an open-ended format that allowed participants to record
activities in their own words. Participants who attended school on the day before their interview
were instructed to record activities that occurred during recess and lunch but not during school
lessons (including PE lessons). Later during the home interview, the TUD data for each
participant was entered by interviewers using a predetermined coding framework (Corey et al.
2014). Interviewers were also trained to identify gaps in the diaries and prompt participants for
additional information as needed (Corey et al. 2014).
Definitions of non-organised PA and the 13 other activities used as potential clustering
variables in this study are provided in Table 7.1. In the present study, the duration of these
activities was extracted from LSAC datasets by the lead author (BK). Activities were included
in the study if they were measured using similar TUD categories and if at least 5% of the sample
had participated in the activities in either wave.
Twenty variables were used to explore the characteristics of the resultant segments at
13y. Appendix P provides a description of each variable, including the number of items,
response categories, source, and validity and reliability information where available. Variables
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were grouped according to common marketing segmentation bases (Dietrich 2016), including
demographic/physical characteristics (e.g. sex, physical health, Indigenous status), geographic
characteristics (urban/rural status), psychographic characteristics (e.g. temperament, bullying
victimisation) and behavioural characteristics (e.g. participation in out-of-school activities).
Measures were generally self-reported by the responding parent during the home interview,
although some measures were directly recorded by interviewers (e.g. body mass index).

Table 7.1 Description of non-organised PA and the variables used in initial cluster analysis
Variable
Non-organised physical
activity (outcome)a
Other physical activitya

Daily living activities

Sleeping/napping
Homework/study
School lessons
Shopping
Music for leisure
Reading for leisure
Electronic gaming
Television (TV)/movies
Verbal communication
Texting/emailing/social
media
Other internet use
a.
b.
c.

d.

Description
Ball games, riding bike/scooter/skateboard for leisure, skipping, running, etc.
(the overall term ‘unstructured active play’ was adopted in Wave 5).
Organised PA (organised team sports, organised individual sports)
Active transport (travel by foot, bike, scooter, skateboard, etc.)
Active chores/work (e.g. gardening, walking pets, making beds)
Personal care (bathing, cleaning teeth, getting ready, etc.)
Health and medical care (doctor, dentist, allied health, etc.)
Non-active chores (cooking, washing dishes, caring for siblings, etc.)
Non-active travel (car, bus, train, etc.)
Sleepingb, napping
Homework, tutoring, private lessons (e.g. music lessons)
School lessons
Shopping (excluding internet shopping)
Playing/listening to music for leisure
Reading/being read to for leisure
Playing electronic games on a computer or console
Watching TV, DVDs or going to the cinema
Talking face-to-face, on the phone or via Skype/webcamc
Texting, emailing, instant messaging, time on social networking sites d

General internet browsing, uploading/downloading content, internet shopping,
etc.
More information about the distinction between PA domains has been provided in Appendix Q.
The duration of sleeping was imputed as the difference between sleep time and wake time within
the 24-hour period.
Skype/webcam use was included in verbal communication, as opposed to internet use because it
is a form of synchronous communication and is associated with more affiliative benefits than
talking on the phone (Sherman et al. 2013).
Texting, emailing and social media use was differentiated from other internet use because it is
more socially oriented.
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Two potential confounding variables were included in the present study. Firstly, the
season of measurement was considered to be a potential confounder because PA and sedentary
behaviour are prone to seasonal variation (Silva et al. 2011). The season of measurement was
calculated from the interview date at each wave. Another potential confounder was the ‘type of
day’ that had been recorded in the TUD (school attendance/no school attendance). School
attendance was included as a variable in the LSAC datasets, and missing data for this variable
were imputed based on data reported about ‘school lessons’ in the TUD (it was assumed that
participants attended school if ‘school lessons’ were reported in the TUD).

7.2.3 Analysis
Analyses were conducted using SPSS version 25 (IBM Corporation, Armonk, NY, USA).
Effects were considered to be statistically significant at p<0.05. After extracting time-use data,
frequency histograms revealed that respondents tended to round their TUD entries to the nearest
5 minutes. Therefore, the duration of each activity type was consistently rounded to the nearest
5 minutes for all cases. Change scores were then calculated for the duration of each activity type
between 11y and 13y.
The analyses in the present study were restricted to a subset of cases. Firstly, all cases in
the analytic sample had declined in their non-organised PA participation between 11y and 13y.
This allowed cases to be profiled based on the pattern of alternative activities that may have
replaced non-organised PA during this period. Secondly, to account for the potential
confounding effect of school attendance on the day of the TUD, only those participants with a
consistent ‘type of day’ in both waves were included (i.e. two school days or two non-school
days).
Cluster analysis was used to identify patterns of change in the time-use variables listed
in Table 7.1. Two-step cluster analysis was used in the present study, as this is commonly used
in segmentation studies within the field of social marketing (Tkaczynski 2016). Input variables
were standardised and a log-likelihood distance measure was used. Prior to data analysis, cases
were randomly sorted by the last digit of their case identification number to attenuate the
132

potential influence of case order on the final cluster solution, as advised by Norusis (2005). All
13 time-use variables were included in the initial model. Post-hoc tests were used to examine
whether the input variables differed significantly across resultant segments (Tkaczynski 2016).
Independent samples t-tests were used for two cluster solutions and one-way analyses of
variance (ANOVAs) were used for three-or-more cluster solutions. Input variables that did not
differ significantly across segments were removed and the cluster analysis was repeated
(Tkaczynski 2016). This process continued iteratively until segments differed significantly in all
input variables. The internal consistency of the cluster solution was then tested by randomly
dividing the sample in two and repeating the above process with both halves of the sample
(Tkaczynski 2016).
Finally, the characteristics of the final segments were explored using independentsamples t-tests and chi-square tests of independence. The longitudinal changes in each input
variable were also explored for each segment using paired-samples t-tests, and effect sizes were
used to compare the magnitude of changes between segments.

7.3 Results
A total of 4,169 participants responded to the LSAC main interview in Wave 4. Of these, 1,043
participants were included in the analytic sample of the study (25.0%). Some participants were
excluded from the study because they had missing data, either at Wave 4 (n=175) or Wave 5
(n=520). Other participants were out-of-scope, either because their participation in nonorganised PA had not declined (n=1,494) or because they had completed the TUD on different
types of days across waves (n=937). Figure 7.1 provides a flowchart showing how the analytic
sample was determined. The average follow-up duration for the analytic sample was 2.1 years
(SD=0.2 years).
Although the present study included only a subset of cases, the characteristics of the
analytic sample were generally similar to the full sample at Wave 4 (see Table 7.2). The only
significant difference was that participants in the analytic sample were more likely to have
attended school on the days that the TUDs were recorded (61.5%), compared with the full
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sample (49.4%) (p<0.001). This is unsurprising because one of the criteria for inclusion in the
analytic sample was having consistent TUD day types across waves, and there is a greater
probability of two school days being selected than two non-school days. The analytic and full
samples did not differ significantly in terms of sex, age, socioeconomic position, Indigenous
status, school type, language spoken at home, single parent status, geographical remoteness or
season of measurement.

Figure 7.1 Flowchart showing the reasons for exclusion from the analytic sample

4,169 participants
responded to main
interview in W4

3,474 participants with
complete TUD data

1,043 participants
included in the analytic
sample

695 participants excluded due to missing data:
175: missing TUD data in W4
520: non-response or missing TUD data in W5

2,431 participants out-of-scope:
1,494: had maintained or increased their nonorganised PA participation between W4 and
W5
937: TUD day types did not match in both waves,
either because the participant attended
school in W4 but not in W5 (n=453) or vice
versa (n=484)

Table 7.3 shows the initial and final cluster solutions of the present study. The final
model produced two segments that significantly differed in the uptake in texting, emailing and
social media use (p<0.001) and other internet use (p<0.001). No other variables were included
in the final model. The model had a silhouette measure of cohesion and separation of 0.8, which
is considered to be a good solution (Mooi & Sarstedt 2011). In terms of internal consistency,
both split-half models resulted in two segments, defined by differences in the same variables
(texting/emailing/social media and other internet use). The vast majority of cases were assigned
to the same segment in the original and split-half models (91%), resulting in substantial internal
consistency (κ = 0.66, p<0.001) (Landis & Koch 1977).
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Table 7.2 Characteristics of the analytic and full samples at Wave 4, LSAC data a
Analytic sample
(n=1,043) b
538 (51.6%)
10.9 (0.3)
0.0 (1.0)
642 (62.0%)
84 (8.2%)
23 (2.2%)
148 (14.2%)
472 (15.2%)
641 (61.5%)***

Variable [wave of measurement]

Full sample
(n=4,169) c
1,594 (51.0%)
10.9 (0.3)
0.0 (1.0)
2,008 (64.6%)
251 (8.2%)
95 (3.0%)
504 (16.1%)
149 (14.3%)
1,457 (49.4%)***

Males, n (%) [w1]
Age of child, mean (SD) [w4]
Family socioeconomic position index, mean (SD) [w4] d
Child attends public school, n (%) [w4]
Speaks a language other than English at home, n (%) [w4]
Aboriginal or Torres Strait Islander, n (%) [w1]
Single-parent family, n (%) [w4]
Lives in regional or remote area, n (%) [w4]
Attended school on day of TUD, n (%) [w4]
Season of measurement, n (%) [w4]
Summer
5 (0.5%)
17 (0.5%)
Autumn
269 (25.8%)
814 (26.0%)
Winter
548 (52.5%)
1,564 (50.0%)
Spring
221 (21.2%)
731 (23.4%)
n = number of participants; w = wave; % = proportion of sample; SD = standard deviation
Bold text indicates statistically significant differences: ***p<0.001
a. The analytic sample was selected due to having a decline in non-organised PA participation
between 11y and 13y and a consistent ‘type of day’ in the TUD in both waves.
b. Variable-specific missing data for analytic sample: socioeconomic position (n=10), school type
(n=8), language spoken at home (n=22), number of parents in home (n=2), remoteness (n=2).
c. Variable-specific missing data for full sample: socioeconomic position (n=25), school type
(n=19), language spoken at home (n=83), Aboriginal or Torres Strait Islander status (n=2),
number of parents in home (n=3), remoteness (n=18), TUD day type (n=175).
d. The socioeconomic position index was z-scored and ranged from -5.4 to 2.9 in the overall
sample.
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Table 7.3 Characteristics of initial and final cluster analysis solutions, presented in order
from the first model (all variables included) to the final model (only two variables
included), LSAC data a
Model characteristics

Model 1

Model 2

Model 3

Final
model
2

Number of clusters/segments
2
3
2
Silhouette measure of cohesion and
0.1 (poor)
0.0 (poor)
0.5 (good)
0.8 (good)
separation
Predictor importance of variables:
Texting/emailing/social media
1.00
1.00
1.00
1.00
Other internet use
0.50
0.49
0.46
0.39
Other physical activity
0.03
0.03
0.01
–
Shopping
0.15
0.01
–
–
Reading for leisure
0.13
0.01
–
–
TV/movies
0.04
0.01
–
–
Music for leisure
0.04
–
–
–
Electronic gaming
0.04
–
–
–
Homework/study
0.01
–
–
–
School lessons
0.01
–
–
–
Sleeping/napping
0.00
–
–
–
Daily living activities
0.00
–
–
–
Verbal communication
0.00
–
–
–
a. Models were conducted iteratively until segments differed significantly in all input variables.
Non-significant variables were excluded from subsequent models.
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Table 7.4 shows the longitudinal changes in the duration of various activities between
11y and 13y, for the analytic sample and for each segment. Among the analytic sample, the
average participation in non-organised PA declined by 87 minutes/day between 11y and 13y
(from 106 min/day to 19 min/day, p<0.001). Segment 1 was labelled ‘Social Screens’ (n=143)
due to large increases among this segment in texting, emailing and social media use (+56.4
min/day, p<0.001), and a moderate increase in other internet use (+32.2 min/day, p<0.001).
Segment 2 was labelled ‘the Mainstream’ because this segment included the majority of
participants in the analytic sample, and these participants had less extreme increases spread
across a wider range of activities, such as other PA (+16.0 min/day, p<0.001), homework/study
(+9.5 min/day, p<0.001) and electronic gaming (+6.7 min/day, p<0.05). In both segments,
significant increases in participation were observed in verbal communication (both p<0.001),
texting, emailing and social media use (both p<0.001), and daily living activities (‘Social
Screens’: p<0.05; ‘the Mainstream’: p<0.01).
The characteristics of the segments are outlined in Table 7.5. The two segments did not
differ significantly in terms of sex, Indigenous status, language spoken at home or
socioeconomic position. However, the ‘Social Screens’ were more likely to attend public school
at 13y (63.1%), compared with ‘the Mainstream’ (48.3%) (p<0.01). On average, the ‘Social
Screens’ also had higher scores on the pubertal development scale (2.5/4), compared with ‘the
Mainstream’ (2.2/4) (p<0.001), although subsequent analysis revealed that this was only the
case among girls (p<0.001). ‘Social Screens’ were also more likely than ‘the Mainstream’ to
live in urban areas (90.9% versus 84.4%, p<0.05). In terms of behavioural characteristics at 13y,
‘the Mainstream’ were more likely than the ‘Social Screens’ to participate in out-of-school
activities in the last week (82.2% vs 74.6%, p<0.05) and had higher mean PA participation (82.8
min vs 67.2 min, p<0.05). No significant differences were observed in psychographic
characteristics such as internalising, externalising, temperament and bullying victimisation.
Finally, it should be noted that ‘the Mainstream’ were more likely to have been interviewed in
winter in Wave 4 (54.2%) and the ‘Social Screens’ were more likely to have been interviewed
in autumn in Wave 4 (37.1%) (both p<0.01).
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Table 7.4 Longitudinal changes in activity duration between 11y and 13y, overall sample and clusters, LSAC data
ANALYTIC SAMPLE (n=1,043)

SEGMENT 1 (n=143)
(‘Social Screens’)

SEGMENT 2 (n=900)
(‘The Mainstream’)

Activity
Mean change (95% CI)
(min/day)
-87.0 (-91.4, -82.5)***

Effect size
(d)
-1.19

Mean change (95% CI)
(min/day)
-88.4 (-101.1, -75.8)***

Effect
size (d)
-1.16

Mean change (95% CI)
(min/day)
-86.7 (-91.5, -82.0)***

Effect size (d)

Texting/emailing/social media

8.7 (6.6, 10.8)***

0.26

56.4 (44.3, 68.6)***

0.77

0.16

Other internet use

4.6 (2.8, 6.4)***

0.15

0.44

15.4 (9.6, 21.2)***
-3.2 (-6.5, 0.0)

0.16

32.2 (20.1, 44.2)***
12.0 (-1.6, 25.6)

1.1 (0.6, 1.6)***
0.2 (-0.3, 0.7)

0.15

16.0 (9.6, 22.4)***

0.16

-0.06

-1.0 (-10.1, 8.1)

-0.02

-0.07

Watching TV/movies

2.9 (-4.7, 10.6)

0.02

-18.0 (-38.0, 2.0)

-0.15

-3.6 (-7.1, -0.1)*
6.3 (-2.0, 14.5)

Shopping

0.2 (-2.3, 2.6)

0.00

2.9 (-5.2, 11.0)

0.06

-0.3 (-2.8, 2.3)

-0.01

Music for leisure

0.8 (-1.5, 3.1)

0.02

-3.5 (-12.5, 5.5)

-0.06

1.5 (-0.8, 3.7)

0.04

Electronic gaming

2.5 (-3.0, 8.0)

0.03

-0.21

6.7 (1.2, 12.3)*

0.08

Homework/study

8.8 (5.0, 12.5)***

0.14

-24.4 (-43.3, -5.4)*
4.3 (-5.9, 14.4)

0.07

9.5 (5.5, 13.4)***

0.16

School lessons

9.0 (4.6, 13.4)***
-5.6 (-11.7, 0.4)

0.12

9.2 (-0.5, 18.9)

0.16

Sleeping/napping

-0.06

-15.5 (-33.5, 2.5)

-0.14

9.0 (4.1, 13.8)***
-4.0 (-10.4, 2.4)

-0.04

Daily living activities

11.9 (5.6, 18.2)***

0.12

16.9 (0.3, 33.6)*

0.17

11.1 (4.3, 17.9)**

0.11

Verbal communication

15.4 (11.7, 19.0)***

0.25

17.6 (8.0, 27.2)***

0.30

15.0 (11.1, 19.0)***

0.25

Non-organised PA

Other PA a
Reading for leisure

-1.20
0.03

0.05

0.12

n = number of participants; CI = confidence interval
Bold text indicates statistically significant differences: *p<0.05 **p<0.01 ***p<0.001 (paired-samples t-tests)
a.
Among the analytic sample, other PA increased from 46.6 min/day at 11y (95% CI = 43.1, 50.2) to 62.1 min/day at 13y (95% CI = 57.3, 66.9). This increase was
spread fairly uniformly across organised PA (+5.2 min/day, 95% CI = 0.8, 9.7), active transport (+5.0 min/day, 95% CI = 2.5, 7.6) and active chores/work (+5.2
min/day, 95% CI = 2.3, 8.1)
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Table 7.5 Sociodemographic, geographic, psychographic and behavioural characteristics
of clusters, LSAC data
Cluster 1 (n=143)
(‘Social Screens’)

Cluster 2 (n=900)
(‘The Mainstream’)

Sex (male), n (%) [w1]

66 (46.2%)

472 (52.4%)

0.162

Indigenous, n (%) [w1]

2 (1.4%)

21 (2.3%)

0.758c

Speaks a language other than English at home, n (%)

8 (5.6%)

70 (7.9%)

0.352

Characteristics ab

Sig.

Sociodemographic/physical characteristics

Socioeconomic position z-score, mean (SD)

0.0 (1.1)

0.1 (1.0)

0.485

89 (63.1%)

431 (48.3%)

0.001

Number of siblings in household, mean (SD)

1.6 (1.0)

1.6 (1.0)

0.741

Child has two parents living at home, n (%)

119 (83.8%)

757 (84.1%)

0.926

Body mass index of child z-score, mean (SD)

0.4 (1.0)

0.3 (1.0)

0.577

Gross motor coordination scale, mean (SD)

1.8 (0.4)

1.8 (0.5)

0.942

Pubertal development scale, mean (SD)

2.5 (0.8)

2.2 (0.8)

0.000d

PEDS physical health scale, mean (SD)

82.8 (13.7)

84.6 (14.9)

0.179

130 (90.9%)

760 (84.4%)

0.042

SDQ internalising symptoms, mean (SD)

3.3 (2.9)

3.2 (3.0)

0.894

SDQ externalising symptoms, mean (SD)

3.9 (3.2)

3.9 (3.3)

0.799

SATI introversion scale, mean (SD)

2.6 (0.7)

2.6 (0.8)

0.783

SATI persistence scale, mean (SD)

3.6 (0.9)

3.6 (0.8)

0.827

SATI reactivity scale, mean (SD)

2.5 (0.9)

2.4 (0.8)

0.298

40 (28.4%)

229 (26.2%)

0.588

106 (74.6%)

739 (82.2%)

0.032

67.2 (74.4)

82.8 (89.5)

0.047

Wave 4 - winter

60 (42.0%)

488 (54.2%)

0.006

Wave 4 - autumn

53 (37.1%)

216 (24.0%)

0.001

Attends public school, n (%)

Geographic characteristics
Child lives in an urban area, n (%)
Psychographic characteristics

Child bullied at school in the last year, n (%)
Behavioural characteristics
Child participated in any out-of-school activities in
the last week, n (%)
Overall physical activity, mean min/day (SD)e
Season of measurement

f

n = number of participants; % = proportion of sample; w = wave of measurement; SD = standard deviation
Chi-square tests (categorical variables) and independent t-tests (continuous variables), bold text indicates
statistically significant differences
a. Unless otherwise specified, the characteristics listed here were measured at Wave 5 (13y).
b. Variable-specific missing data: sex (n=0), Indigenous status (n=0), language spoken at home (n=10),
socioeconomic position (n=9), school type (n=9), number of siblings (n=1), number of parents in home
(n=1), body mass index (n=11), gross motor coordination (n=5), pubertal development (n=7), PEDS
physical health scale (n=12), urban/rural status (n=0), SDQ internalising (n=12), SDQ externalising (n=12),
SATI introversion (n=12), SATI persistence (n=12), SATI reactivity (n=12), child bullied at school (n=28),
child participation in out-of-school activities (n=2), overall PA (n=0), season of measurement (n=0)
c. Fisher's exact test performed because at least one cell had an expected value of less than 5.
d. When this result was tested separately for boys and girls, the difference between clusters was only
significant for girls (F=13.6, p<0.001).
e. Overall PA was calculated as the total duration of time spent in non-organised PA, organised PA, active
transport or active chores/work.
f. All seasons for both waves were tested, only statistically significant differences reported here.
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7.4 Discussion
This study sought to identify and describe segments of youth whose participation in nonorganised PA declined between 11y and 13y, based on changes in other activities during this
period. Two segments were identified (‘Social Screens’ and ‘the Mainstream’), and these
segments were found to have substantial internal consistency. ‘Social Screens’ were
characterised by large increases in texting, emailing and social media use, and a moderate
increase in other internet use. By contrast, ‘the Mainstream’ had less extreme increases spread
across a wider range of activities, including other PA, homework/study and electronic gaming.
In both segments, significant increases in participation were observed in verbal communication,
daily living activities and texting, emailing and social media use. ‘Social Screens’ were more
likely to attend public school, live in urban areas and have more advanced pubertal development
(girls only). ‘The Mainstream’ were more likely to participate in physical activity and out-ofschool activities.
Adolescence is a time of substantial physical, social and emotional change (DiClemente
et al. 2009), and some adolescents withdraw from PA due to changing priorities or preferences
during this stage of life (Humbert et al. 2008; Whitehead & Biddle 2008). In the present study,
both segments increased in their texting, emailing and social media use, although the increase
was much more pronounced in the ‘Social Screens’ segment. Members of the ‘Social Screens’
segment were also less likely to engage in PA and out-of-school activities in general. This
suggests that the ‘Social Screens’ segment may be at higher risk of inactivity during adulthood,
as there is some evidence that PA participation during adolescence may track into adulthood
(Telama 2009). This segment also has a similar profile to the high-risk ‘alternative’ peer
subculture described by Jordan and colleagues (Jordan et al. 2019) as taking pride in being
different from the ‘mainstream’ (Jordan et al. 2019) and being sceptical of overt health
promotion approaches (Ling et al. 2014).
Although the ‘Social Screens’ segment is relatively small, it may be viewed as a niche
subgroup that might be difficult to reach with broadly-targeted health promotion approaches
(Kreuter et al. 2014). Broad population approaches may therefore be complemented by
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specialised strategies targeted at potentially higher risk subgroups (Frohlich & Potvin 2008;
Kreuter et al. 2014). For example, future PA interventions may adopt social marketing
principles in order to replace the benefits that youth may be seeking in texting, emailing and
social media (National Social Marketing Centre 2011). Mobile phone technologies such as PA
apps may be effective in motivating youth to be active by utilising social comparison and peer
approval (Conroy et al. 2014). One example is ‘inKin’, a social fitness app which enables users
to compete with friends based on their PA level (inKin Social Fitness 2019). However, a greater
emphasis on cooperation rather than competition may be preferred by youth who are at risk of
becoming inactive (Martins et al. 2015). This approach may be improved by involving socially
influential adolescents known as ‘brand ambassadors’ (Jordan et al. 2014), to overcome
potential scepticism among the target audience. In the present study, the participants in the
‘Social Screens’ segment were more likely to live in an urban area and attend a public school.
Therefore, an urban public school setting in Australia may provide a suitable setting to trial such
a strategy. Further research may focus on developing and trialling approaches such as these.
It is notable that both segments in the present study had significant increases in verbal
communication that were of similar magnitude. According to a systematic review of qualitative
evidence, active youth often derive social interaction from their PA participation (Martins et al.
2015), while inactive youth often engage in inactive socialisation instead of PA (Pawlowski et
al. 2015; Slater & Tiggemann 2010). Youth who remain active during adolescence are also
more likely to be motivated by personal mastery, whereas youth who become inactive tend to be
motivated by extrinsic factors (Martins et al. 2015). Potential extrinsic motivators for PA
include affiliation, shared experience and positive social evaluation (Scanlan & Lewthwaite
1986). Therefore, PA promotion strategies may seek to replace the benefits that youth are
seeking in verbal communication (National Social Marketing Centre 2011), by supporting
physical activities that require verbal cooperation (Bernstein et al. 2011). For example, Berstein
and colleagues (2011) described a lower-skilled student who enjoyed playing an improvised
variation of the game of ‘tag’ that involved group strategy development. Such activities may be
supported by loosely-facilitated PA sessions, similar to Högman and Augustsson’s ‘organised
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spontaneous sport’ model (2017). In this approach, a supervised program may be developed that
sets a ‘safe’ culture for youth to engage in freely-chosen, improvised games that suit their
interests and motives (Högman & Augustsson 2017). This might enable youth to pursue forms
of PA that provide extrinsic, affiliative benefits (Scanlan & Lewthwaite 1986).
In the present study, time spent ‘watching TV and movies’ did not increase significantly
between 11y and 13y in either segment, despite these activities being frequently used to define
segments in previous cross-sectional studies (Ferrar et al. 2013; Jago et al. 2010; Nelson et al.
2005; Spengler et al. 2015). In the present study, texting, emailing, social media and other
internet use were more likely than TV/movies to compete with non-organised PA across waves.
This is consistent with the finding that younger generations use the internet more frequently and
watch television less frequently than older generations (van der Goot et al. 2018). Younger
generations also have more positive attitudes toward internet advertising than older generations
(van der Goot et al. 2018). This highlights the increasing importance of ‘new media’, both as a
potential competing behaviour of PA and as a potential communication channel. In particular,
the ‘Social Screens’ segment had a pronounced increase in texting, emailing, social media and
other internet use, which was accompanied by a decrease in other forms of media use, such as
electronic gaming. Mobile phone and online activities may have developed an element of
salience among this segment, which is characterised by increasing absorption in a particular
activity at the expense of other behaviours (Griffiths et al. 2014). This indicates that online
platforms may be particularly important for reaching this segment of youth.
It is also worth noting that the pubertal development of girls in the ‘Social Screens’
segment was more advanced than that of girls in ‘the Mainstream’ segment. There is evidence
that early maturation is associated with increased internet use (Tsai et al. 2018), and it has been
suggested that youth are particularly vulnerable to social media influence due to extensive
neural development that occurs during puberty (Crone & Konijn 2018). This suggests that social
media strategies may be effective in reaching early maturing adolescent girls, although
messages must be carefully designed to highlight safe PA spaces for girls who may be selfconscious and fearful of judgement (Azzarito & Hill 2013).
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This was the first known study to use adolescent time-use data to explore the
longitudinal competitors of non-organised PA participation. The longitudinal approach used in
the present study allowed segments to reflect changes in activity participation, as opposed to
static measures. This study also utilised detailed time-use data, which allowed the identification
of specific activities of importance. However, the present study also had some limitations.
Although other 24-hour TUDs have been shown to collect valid (Gershuny et al. 2017) and
reliable estimates of overall PA (Ridley et al. 2006), there may have been a degree of recall bias
due to the self-reported nature of the data. This was attenuated via interviewer prompts and by
having participants complete the diary throughout the day before the interview. In addition,
although it was possible to control for whether or not the TUD was completed on a school day,
it was not possible to control for the season of measurement. In addition, although psychometric
data have been provided for some variables in Appendix P, the validity and reliability of other
measures was not known. Another limitation of the study was that the analytic sample size fell
slightly short of 100 cases per variable, as recommended by Dolnicar and colleagues (Dolnicar
et al. 2016), although the final model still demonstrated substantial internal consistency. The
sample size was also not sufficient to enable the testing of separate cluster solutions for boys
and girls, although the two segments produced by the final model did not differ significantly by
sex. It should also be noted that the present study has analysed a national sample of Australian
youth, and results may not necessarily generalise to other contexts. Finally, the data used in this
study were collected in 2010 and 2012, at a time when mobile phones and social media use may
have been less common among the age groups included in the study.
In addition to the above limitations, it is also worth noting that compositional data
analysis (CoDA) may be an alternative method for exploring activities that may compete with
non-organised PA between childhood and adolescence (Dumuid et al. 2018; Olds et al. 2018).
CoDA has gained increasing recognition in recent years as an approach to analyse data that are
constrained (i.e. data that add up to a constant value such as a 24-hour day) (Gupta et al. 2018).
In brief, CoDA involves applying a log-ratio transformation in order to account for the
constrained nature of such data (Gupta et al. 2018). While the present study analysed changes in
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selected activities in terms of absolute minutes, CoDA would enable the analysis of changes in
the overall composition of the 24-hour day in order to identify longitudinal time flows between
activities (Olds et al. 2018). In addition, the present study was conducted using data from a
subset of participants whose participation in non-organised PA had declined between timepoints, whereas CoDA could be used to identify time flows among the total sample of youth
(Olds et al. 2018). Therefore, future studies may seek to build on the present study by analysing
changes in the composition of the 24-hour day between 11y and 13y in order to identify whether
certain activities tend to replace non-organised PA.

7.5 Conclusions
This study sought to identify and describe segments of Australian youth whose participation in
non-organised PA declined between 11y and 13y, based on changes in other activities during
this period. Two segments were found (‘Social Screens’ and ‘the Mainstream’). Segments were
distinguished by differences in the uptake of texting, emailing, social media and other internet
use. The ‘Social Screens’ segment had a much larger increase in these activities and lower
participation in overall PA and out-of-school activities, compared with ‘the Mainstream’. The
‘Social Screens’ segment were more likely to attend public school, live in urban areas and have
more advanced pubertal development (girls only). Future strategies may seek to promote nonorganised PA in Australia by seeking to replace the benefits that this segment may be seeking in
competing behaviours. For example, PA apps may motivate youth to engage in non-organised
PA by harnessing the social affiliative benefits of texting, emailing and social media use. Future
research may further develop and trial such strategies, particularly in urban, public school
settings.
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Chapter 8: ‘Not just for fun anymore’: a qualitative
exploration of social norms related to the decline in nonorganised physical activity between childhood and
adolescence in Australia
Chapter 5 of this thesis established that the domain of non-organised PA was particularly prone
to decline between childhood and adolescence among Australian youth. Chapters 6 and 7
expanded on this by providing additional quantitative data on the predictors and ‘competitors’
of non-organised PA, respectively. These studies provide helpful data that may be used to shape
and target strategies to promote non-organised PA among Australian youth. However, the
underlying reasons for the decline in non-organised PA between childhood and adolescence still
remain unclear. The following chapter seeks to address this by using a qualitative approach to
explore the stories of young adults who withdrew from non-organised PA and overall PA
between 11y and 15y. Specifically, this chapter seeks to explore social norms related to nonorganised PA during adolescence, and barriers and enablers of participation.

The following research questions are investigated in this chapter:

Research Question 4:
How do social norms shape attitudes toward specific types of non-organised PA during
adolescence?

Research Question 5:
What are the perceived barriers and enablers of participation in non-organised PA during
adolescence?

This manuscript has been accepted as:
Kemp, BJ, Cliff, DP, Kariippanon, KE, Crowe, R & Parrish, AM in press-b, ‘‘Not just for fun
anymore’: a qualitative exploration of social norms related to the decline in non-organised
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physical activity between childhood and adolescence in Australia’, Sport Educ Soc, doi:
https://doi.org/10.1080/13573322.2020.1822795

8.1 Background
PA participation is associated with various health benefits for children and youth, including
improved physical fitness, cardio-metabolic indicators and quality of life (Poitras et al. 2016).
However, only 11% of Australian adolescents meet the national guideline of at least 60 minutes
of moderate-to-vigorous PA (MVPA) per day (Guthold et al. 2020). PA participation is prone to
decline between childhood and adolescence in Australia, and the bulk of this decline has been
shown to occur in the domain of non-organised PA (Australian Bureau of Statistics 2013c;
Kemp et al. 2020a). Non-organised PA includes activities such as playground games or informal
sports that are ‘freely chosen, unstructured … flexible and spontaneous [and] minimally
constrained by adult demands’ (Active Healthy Kids Australia 2016, p.25). A better
understanding of the reasons for the decline in non-organised PA between childhood and
adolescence may support strategies to counter barriers and strengthen enablers of participation
(National Social Marketing Centre 2011).
Considerable research has been undertaken to explore the reasons for the decline in
overall PA participation (Corr et al. 2019; Devís-Devís et al. 2015) and organised sport
participation during adolescence (Crane & Temple 2015; Gatouillat et al. 2019; Persson et al.
2019). Adolescence is a time of substantial physical, social and emotional change that can
produce a range of barriers to PA, such as changing leisure-time and social activities (DevísDevís et al. 2015; Gatouillat et al. 2019; Persson et al. 2019), new responsibilities (e.g.
homework/study) (Devís-Devís et al. 2015), greater travel distance to school (Gatouillat et al.
2019) and heightened concern about peer opinions (Casey et al. 2016).
Compared with studies of overall PA and organised sports, there is a relative lack of
evidence about the reasons for the decline in non-organised PA during childhood and
adolescence. Although the factors listed in the previous paragraph may also apply to nonorganised PA, it is also possible that barriers specific to non-organised PA may exist. For
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example, one common barrier to PA participation during adolescence is the development of a
more competitive and performance-driven PA climate during this stage of life (Gatouillat et al.
2019; Persson et al. 2019). It is possible that non-organised PA may be particularly prone to
decline in response to this change, as this domain includes types of PA that are less serious and
performance-oriented (e.g. active play) (Active Healthy Kids Australia 2016). There is also
evidence that some types of PA may be viewed as ‘childish’ (Devís-Devís et al. 2015) and that
the range of ‘acceptable’ PA options may become reduced and homogenised during
adolescence, with a particular focus on sport (Bélanger et al. 2011). However, many adolescents
do not make the transition to these ‘acceptable’ types of PA due to factors such as a lack of
perceived competence (Devís-Devís et al. 2015; Gatouillat et al. 2019), a lack of interest in
competition (Mennesson et al. 2019) and socio-ecological barriers such as coming from a low
socioeconomic background (Vella et al. 2014).
The distinction between ‘acceptable’ and ‘unacceptable’ types of non-organised PA
during adolescence is of particular interest in our study, and this suggests the potential influence
of social norms. Social norms are ‘informal rules that govern behaviour in groups and societies’
(Bicchieri et al. 2018), and these are commonly delineated in terms of descriptive and injunctive
norms (Cialdini et al. 1991). Descriptive norms relate to behaviours observed in others (Cialdini
et al. 1991), such as others’ PA participation. These descriptive norms often lead to the
formulation of injunctive norms, which are value judgements and social rules about how things
‘ought to be’ (Cialdini et al. 1991) (e.g. whether particular forms of PA are ‘acceptable’). Both
types of social norms may be useful for exploring the reasons for the decline in non-organised
PA between childhood and adolescence, as susceptibility to peer influence is thought to peak
during adolescence (Blakemore & Mills 2014). However, to our knowledge no prior studies
have sought to explore social norms specifically related to the decline in non-organised PA
participation during adolescence.
Therefore, our study aimed to explore the PA stories of young adults (18-22y) who
withdrew from non-organised PA and overall PA between childhood (11y) and adolescence
(15y). Specifically, we sought to explore potential social norms related to types of non151

organised PA; and the perceived barriers and enablers of participation in non-organised PA
during adolescence. This exploration was primarily conducted in the context of health
promotion, with a view to supporting the development of social marketing strategies to mitigate
barriers to, and enable youth participation in non-organised PA (National Social Marketing
Centre 2011).

8.2 Methods
Data collection procedures for this study were reviewed and approved by the University of
Wollongong Human Research Ethics Committee (HREC 2018/552), and process consent was
sought from participants at various stages of the project (Usher & Arthur 1998). Various
institutional approvals related to this project are provided in Appendix R, and participant
information sheets and consent forms are provided in Appendix S.

8.2.1 Qualitative approach and research paradigm
This study was influenced by a pragmatist research paradigm to enable a focus on human
experiences, beliefs and actions (Morgan 2014). This paradigm supports flexibility in selecting
data collection methods that are considered likely to suit the context and nature of the research
problem (Morgan 2014). Pragmatism is also appropriate to the disciplinary context of social
marketing, a practical discipline that seeks to promote certain behaviours by utilising
information about the target group’s perceptions of the behaviour and the social context of those
perceptions (Hastings et al. 2010).

8.2.2 Researcher characteristics and reflexivity
Prior to data collection, both interviewers (BK and KK) briefly interviewed each other to
practice interview techniques and explore our positionality. Both described fond memories of
non-organised PA during childhood that decreased in the transition to adolescence, as well as
briefer and less enjoyable experiences with organised PA. Reflexive techniques such as
journaling were used to develop awareness and critical consciousness about assumptions related
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to the research topic. We also included an independent co-coder as a ‘critical friend’ (RC),
whom the lead interviewer (BK) also briefly interviewed. This co-coder described a decline in
overall PA between childhood and adolescence, but also a deep enjoyment of both nonorganised and organised PA during childhood (especially organised netball and dance). Sharing
this information helped us to better understand and critique each other’s coding decisions.

8.2.3 Sampling strategy
Data collection began with a screening survey deployed in three settings: (1) undergraduate
classes at the University of Wollongong (UOW); (2) vocational and special entrance classes at
UOW College; and (3) two Anglican churches in the Illawarra region, Australia. Screening
surveys were conducted in phases between February-August 2019. Recruiting participants from
multiple settings allowed greater diversity than a single site alone, and these settings were
chosen to allow accessibility to a large number of participants required for stratified selection.
The sociodemographic characteristics of the Illawarra region bear some similarities to national
data in terms of the proportion of youth aged 5-18y (both 17%); the proportion of people of
Aboriginal or Torres Strait Islander origin (both 3%), the average household size (both 2.6
people), the proportion of residents with at least one overseas-born parent (41% versus 45%)
and the median personal income from employment (both approximately $45,000) (Australian
Bureau of Statistics 2016b, 2017a).
Stratified purposeful sampling was used to recruit participants based on screening
survey data and a follow-up telephone call. One eligibility criterion was a declining pattern in
non-organised PA and overall PA participation between 11y and 15y, as observed in previous
quantitative data (Kemp et al. 2020a). Approximate PA histories were measured using three
survey questions shown in Appendix T, and details of PA cut-points used are given in Appendix
U. A decline in non-organised PA was defined as a reduction in participation by at least one
survey category between 11y and 15y (e.g. from ‘high’ to ‘moderate’, ‘moderate’ to ‘low’,
‘low’ to ‘none’, etc.). During the telephone call, participants were asked to give examples of
non-organised PA that they thought about when answering the screening survey to ensure
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correct understanding of this concept. A decline in overall PA was generally also defined as a
reduction in participation by at least one survey category. However, due to the wide cut-points
used on the screening survey for overall PA, some participants who reported the same category
at 11y and 15y were also included in the follow-up call and were asked whether they thought
their overall PA participation had remained exactly the same, increased somewhat or declined
somewhat (while remaining within the same category).
Other eligibility criteria were also used to reduce variability in the included sample.
Participants were excluded if they lived outside Australia at 11y or 15y, or if they reported
health conditions that may have restricted their PA at these ages. Additionally, young adults
(18-22y) were chosen as the target age group because this roughly corresponded with the
current age of the previous quantitative cohort (Kemp et al. 2020a). Recruiting young adults was
also expected to enhance the richness of data, as the coherence and sophistication of life
narratives has been shown to improve between adolescence and young adulthood (Habermas &
de Silveira 2008; McLean et al. 2010).
Participant selection was also stratified by sex and socioeconomic status (SES) to
enhance the diversity of included voices. SES was measured on the screening survey using the
Family Affluence Scale III (FAS III) (Inchley et al. 2016), which is a reliable instrument
(r=0.90) that has been shown to significantly predict family wealth (Torsheim et al. 2016).
Averaged scores at 11y and 15y were used to identify participants who were ‘low SES’ (0 – 4),
‘medium SES’ (4.5 – 8.5) and ‘high SES’ (9 – 13).

8.2.4 Data collection methods
Semi-structured interviews with embedded Life History Calendars (LHCs) were conducted
(Nelson 2010). Interviews were conducted between March-August 2019, and the average
duration was 64 minutes (range: 35-95 minutes). Participants were interviewed by someone of
the same gender, as pilot testing suggested that females may be reluctant to discuss sensitive
topics with a male interviewer (e.g. puberty). All interviews were audio-recorded and
participants were offered a $20 iTunes or Google Play voucher. After their interview,
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participants were emailed a copy of their transcript for review and comment. Participants could
withdraw their consent to participate in the study for up to 14 days after the date of the email after this point, data were included in analysis (University of Wolverhampton 2015).
We used LHCs to support semi-structured interviewing according to the procedure
described by Nelson (2010). In brief, this involved drawing timelines on a large sheet of paper
to represent different activities conducted by the participant (see Figure 8.1 for an example).
LHCs have been designed to mimic the process of autobiographical memory through retrieval
cues and multiple pathways for discussion (Belli et al. 2007). Quantitative testing has revealed
that LHCs have adequate validity for a recall period of up to 30 years (K>0.48-0.80) (Belli et al.
2007). Another study of memory has shown that 18-20 year-olds were capable of recalling
memories that were as detailed as recent memories of 5 year-olds (Tustin & Hayne 2019).
While the LHC was completed, the interviewer asked questions about the activities, as outlined
in Appendix V. Interviews were designed to be flexible in response to participant stories.
Participants were not specifically asked to name barriers and enablers of their non-organised PA
participation – rather, these emerged inductively from participants’ stories.
Each interviewer conducted two pilot interviews which were transcribed and reviewed
before commencing data collection. Regular debriefings occurred during fieldwork to allow
interviewers to discuss data collection methods, patterns emerging in interviews and progress in
data saturation. Debriefings also allowed emerging patterns to be discussed with later
interviewees. Data saturation in the present study was operationalised as a process, rather than a
discrete point at which understanding was deemed ‘complete’ (Saunders et al. 2018). However,
sufficient data saturation was determined by two consecutive male interviews and two
consecutive female interviews with no new codes.
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Figure 8.1 Example of a completed life history calendar (participant: male, 18y)
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8.2.5 Data analysis
Thematic analysis began with ‘familiarisation’ tasks, such as transcription, journaling and
interviewer debriefings (Braun & Clarke 2006). Beyond this, a two-cycle data analysis process
was used: (1) ‘concept coding’ to group text into codes; and (2) ‘pattern coding’ to group codes
into themes (Saldaña 2016). Data analysis was supported by NVivo software (Version 11, QSR
International, 2015), mind map diagrams4 and analytic memos (Saldaña 2016). In order to
enhance the trustworthiness of data analyses, two researchers (BK and RC) shared responsibility
for coding transcripts. The lead researcher (BK) coded all transcripts, and the other researcher
coded one in four transcripts (n=6) - one from each sex/SES stratum. Both researchers
independently coded the same transcript and then met to resolve differences (an audit trail of
discussions was kept). The lead researcher also consulted the other researcher when coding
ambiguous parts of transcripts that were not co-coded. Initial themes were developed by the lead
researcher, supported by discussions with the other coder. Finally, emergent themes were
presented to the entire research team for discussion and refinement until consensus was reached.

8.3 Results
Figure 8.2 shows a flow diagram of the recruitment of interview participants. In total, 22
participants were interviewed before sufficient saturation was attained (11 males and 11
females). Participant characteristics are shown in Table 8.1. Seven themes emerged from data
analysis, as outlined below. Participant quotations are labelled with pseudonyms.

4

A photograph of a mind map used in the data analysis process is provided in Appendix W
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Figure 8.2 Flow diagram showing the recruitment of interview participants

888 participants
completed a screening
survey

95 participants were
potentially in-scope
for an interview

22 participants
interviewed

511 participants did not provide consent for follow-up
contact
282 participants were ineligible for an interview:
255: Increasing or stable pattern of non-organised PA
between 11y and 15y reported
13: Health conditions that affected PA participation at 11y
or 15y
7: Outside of eligible age range
4: Overall PA increased between 11y and 15y, despite a
decline in non-organised PA
3: Lived outside of Australia at 11y or 15y

36 participants were not contacted due to attainment of
adequate saturation a
25 participants did not respond to interview invitations
6 participants refused to participate in an interview
6 participants were found to be ineligible during preinterview phone screening b

a. Some participants were potentially eligible for an interview but were not contacted in order to prioritise the
recruitment of low SES participants and males.
b. These participants either described a stable or increasing pattern of overall PA between 11y and 15y (n=4) or
gave examples of activities that were not consistent with the definition of non-organised PA on the screening
survey (active transport: n=1; active work: n=1).
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Table 8.1 Characteristics of interview participants
SES strata
(FAS III
scores)
Low SES
(0-4)

Males (n=11)
Number of
participants
2

Medium
SES
(4.5-8.5)

8

High SES
(9-13)

1

Area of study (age)
Social sciences (18y)a
Church attendee (22y)b
Mathematics (18y)
Social sciences (18y)a
Social sciences (19y)a
Social sciences (19y)a
Mathematics (19y)
Mathematics (21y)
Engineering (21y)
Engineering (22y)
Mathematics (18y)

Females (n=11)
Number of
Area of study (age)
participants
1

8

2

Social sciences (18y)a
Social sciences (18y)a
Mathematics (18y)
Mathematics (18y)
Mathematics (18y)
Mathematics (19y)
Marketing (19y)
UOW College (20y)c
Marketing (22y)
Marketing (19y)
Marketing (20y)

FAS III = Family Affluence Scale (Version 3); SES = socioeconomic status
a. All social sciences students were recruited from a generalist first-year subject
b. No university qualifications (in progress or completed)
c. Diploma of Nursing student

8.3.1 Adult modelling/influence
Participants often mentioned older people who played a role in signalling appropriate adult
behaviour (Bandura & Walters 1977). Parents were often particularly influential in encouraging
and supporting organised PA participation from an early age (Bélanger et al. 2011). Parents
tended to emphasise specific types of organised PA that reflected their own interests or
background, as well as types of PA that were thought to convey desirable skills and values (e.g.
leadership). Certain types of organised PA were sometimes a family tradition over multiple
generations.
“Umm AFL [Australian-rules football], that’s the sport I played for the longest in
my life. Dad raised me on that, so I played for I think 4 or 5 years in the local AFL
team […] rather than being a NRL [National Rugby League] kind of family we
were raised on AFL. The whole family as a team so, umm, that’s all I’ve really
known I think.” (Julian, M, 18y)
“[Dad] was like, ‘oh we’ll get her into some organised sport’… because he’s really
into teamwork. He thinks that that’s massive character building, he thinks it’s
leadership building” (Wendy, F, 20y)
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The media was also a source of modelling for participants, particularly in regard to gender
norms. Girls often learned from the media to avoid ‘boys sports’ (Bevan et al. 2020) and to
pursue more feminine interests (e.g. socialising). The media sometimes also contributed to body
image concerns among girls. Boys were also influenced to mimic the types of sports played by
men on TV.
“The big organised sports on TV are always men, like cricket, football, so it’s kind
of… so they’re kind of conditioned to… umm… ‘we have free time, let’s play
sport because that’s what men do’, sort of thing. And I guess women on TV,
they’re like on talk shows, or they’re, you know, modelling sort of thing and in
magazines, there’s sports magazines for men and there’s fashion magazines for
women” (Kelly, F, 18y)
8.3.2 ‘Don’t want to be childish’
By late primary school, participants had begun to form conclusions about their own behaviour
in response to modelled norms (Bandura & Walters 1977). Despite having fond memories of
active play during childhood, girls tended to withdraw from this activity in order to sit and
socialise.
My friends, you know, they didn’t want to… like, ‘oh I don’t really want to run
around anymore, let’s just sit and eat our lunch and chat’, you know, gossip...
(Violeta, F, 20y)
By contrast, boys’ lunchtime play started to emulate the organised sports they played outside of
school and watched on TV (e.g. soccer, cricket).
… maybe if you enjoy [organised sport outside of school], the aspect that’s a bit
more competitive you’d want to bring that into school (George, M, 22y)

Concern about peer opinions was a key barrier to breaking norms among both genders
(Blakemore & Mills 2014). Many participants recalled concerns about being judged for
engaging in ‘childish’ activities, such as imaginative play and playground games (e.g. tag), to
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the point where sport was sometimes considered the only ‘legitimate’ form of PA (Bélanger et
al. 2011).
At that time if you would have asked me, I would have said ‘I hate physical
activity/sport. That is not for me’ [...] I didn’t consider that [active play] as physical
activity, I didn’t consider that sport and so I missed [doing] that. (Quinn, F, 22y)

The transition to high school in Year 7 often exaggerated concerns about fitting in, and
participants often took cues from their peers (Gilmore & Meersand 2014) and the school
environment (Hyndman & Chancellor 2017) to determine appropriate behaviour.
…no one else was running around, except for, like, the big boys on the oval […]
you don’t want to be the odd one out running around with two or three friends, like,
you just want to kind of fit in, kind of blend in when you’re in Year 7… (Kelly, F,
18y)

By contrast, a few participants experienced more gradual changes in social norms because they
were part of different educational systems (e.g. K-12 school, middle school, home-schooling).
Further research would be helpful to more definitively explore the impact of different school
systems on the experience of these social norms.

8.3.3 Puberty
Biological changes during puberty often led girls to withdraw from PA (organised and nonorganised) due to poor body image and self-consciousness, particularly in the presence of boys
(Corr et al. 2019; Crane & Temple 2015).
“Well I’m fairly a big breasted girl, like, so that very much affected me and …
like, in physical activity especially, growing up in high school” (Bernadette, F,
18y)
“They [boys] did intimidate us a bit. We’d be a bit like, ‘he’s watching’ or
whatever…” (Naomi, F, 19y)

Boys’ PA participation also appeared to be affected by puberty. Excelling in sport was viewed
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as an important avenue for fulfilling gender norms (Mennesson et al. 2019) and appealing to the
opposite sex. Participants sometimes attributed increasingly rough and competitive sport
participation to hormonal changes among boys. This led to girls and later-developing boys being
intimidated and withdrawing from PA.
“Everyone started getting, you know, jacked up with testosterone and… you
know, thinking they have to win, they have to win, they have to put in their all,
like, in a bad way and a - negative way rather than a positive” (Ian, M, 18y)
Some boys also withdrew from PA during school lunchtimes due to interest in the opposite sex.
“I think some of the guys got pulled away because they ended up dating some of
the girls and then it was a case of ‘Oh I’ll sit down with her for lunch’” (Paul, M,
21y)

8.3.4 ‘Finding your niche’
Participants’ friendship groups often fragmented into smaller, interest-based cliques in high
school, with a particular dichotomy between ‘sporty kids’ and ‘non-sporty kids’. ‘Sporty kids’
were usually a male group who were perceived as popular. Excelling in sport had often become
an important part of sporty kids’ identities, evidenced by increased emphasis on serious play,
performance and high-level skills. Youth who had played organised sport for many years tended
to develop more serious attitudes toward PA (such as ‘Julian’, below):
“It was a bit more serious. You could find somebody who could hit the ball hard
and you could have a good rally with them and then suddenly there was this drive
that you had to get this person […] I just wanted to show that there was something
I could do, something that I was good at. And hopefully it would stand out to
people” (Julian, M, 18y)
The increased emphasis on competition and performance often alienated ‘non-sporty kids’, who
tended to be less confident in their skills (Corr et al. 2019) and had a more social motivation for
PA participation. Some ‘non-sporty kids’ had been bullied in sport and were afraid to engage in
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PA due to the risk of failure and embarrassment (Casey et al. 2016). As a result, ‘non-sporty
kids’ tended to withdraw from PA and develop identities around sedentary pursuits such ‘nerd’,
‘gamer’, ‘music kid’ or ‘art kid’. These identities provided a social niche that suited the
perceived strengths of ‘non-sporty kids’ and allowed them to participate in activities that they
were confident to perform in front of others (Kroger 2004). However, these newfound identities
were often viewed as incompatible with PA participation:
“If you weren’t the kid that was a sporty kid, if you weren’t the one that was in the
soccer team and getting scouted for state teams and things like that… that was okay
for them to play sports and kick around with the ball at the oval at lunch, because
that was their identity. But I think if you were not one of those kids - that was no
longer. It was... 'okay, so that’s not you, so you need to find what is you'. And
maybe you are the nerdy group that is sitting there […] I felt like you had to
choose. You couldn’t just do, have physical activity as something fun, necessarily
anymore, it has to have a purpose.” (Quinn, F, 22y)
“You can’t really mould those two worlds. Cause music kids aren’t sporty kids…
and sporty kids aren’t really music kids…” (Wendy, F, 20y)

8.3.5 Adult choices and responsibilities
Participants began to gain more independence as they progressed through adolescence (EmmCollison et al. 2019). Rather than playing with children in their neighbourhood, adolescents
started going out with friends to engage in sedentary activities (e.g. watching movies or
socialising) (Corr et al. 2019; Persson et al. 2019). Getting a mobile phone and joining social
media were often important rites of passage for youth, particularly girls. Some participants also
mentioned using alcohol and cigarettes during adolescence. These alternative activities tended
to serve as new distractions from PA participation.
“I got an iPod touch at like, 10 or something... so that would have been, like,
another thing to take me away from like outside activities and stuff...” (Danielle, F,
18y)
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“I went to a pretty derro [derelict] high school, drugs were a bit of a thing - during
that stage people were a lot more focused on, you know, having a dart [cigarette]
and stuff like that” (Ian, M, 18y).
Many participants mentioned that their workload and academic pressure in high school led them
to withdraw from PA and to prioritise more restful activities during school breaks and at home
(Devís-Devís et al. 2015; Persson et al. 2019). Other responsibilities reduced the available time
for non-organised PA, such as extracurricular activities and part-time work.
“[during lunchtimes], we would literally just sit there, chat, umm, you know, that
was kind of it […] especially, year 7, year 8 for us… it was very much like, we
need that break because it’s just, you’re constantly… you’re so flustered from
trying to find your next class [laughs]” (Violeta, F, 20y)
“I would be up till 1am [watching TV] and had to get up at, I don’t know, 7am,
which is probably not good for someone who is 12-13 years old. But yeah I think
that was just a time where it was a break from school, ‘I am going to maximise this
time and just enjoy myself’” (Julian, M, 18y)
In connection with these changes, participants sometimes reported that their PA participation
tended to become more ‘adult’. Some participants discussed how PA now needed to be
scheduled and occurred primarily for physical or mental health benefits, rather than occurring
for its own sake.
“I miss [physical activity] when it was fun, not, yeah, a job. You know, when I
could do it for the fact that I liked doing it. Not doing it for the fact that, you know,
it stops heart problems in the future” (Ian, M, 18y).

8.3.6 Changing life circumstances
Disruptions in participants’ social environments sometimes prompted withdrawal from nonorganised PA. For example, the transition to high school often disrupted peer networks and led
some participants to join a less active friendship group (Emm-Collison et al. 2019). Other
participants attended a high school that was much further away from home (Gatouillat et al.
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2019), which was a barrier to spontaneous PA with friends (as described by ‘Zac’, who
commuted an hour to high school):
“I sort of stopped, like, inviting people to my house ‘cause I thought it was the
distance, [it] was way too far and I didn’t really know many kids in my
neighbourhood”. (Zac, M, 18y)
Low SES participants usually mentioned financial barriers that inhibited non-organised PA,
suggesting that it is not just organised sport that may exclude such youth (Vella et al. 2014).
Factors in the home environment that were less conducive to healthy behaviours were also
mentioned (e.g. poor nutrition, lack of parental support for PA).
“Mum couldn’t really afford to buy us a new bike and by then I’d outgrown the
little pink one I had”. (Wendy, F, 20y)
Parental divorce was another common disruption. Divorce often caused participants to move
away from neighbourhood friends and PA facilities, or to move back and forth between parents’
houses (Clarke-Stewart & Brentano 2006).
“if my parents didn’t separate, and I lived longer in that house instead of moving
around so much, I probably would’ve still stayed connected with all the activities
and stuff” (Bernadette, F, 18y)
Finally, changes at home sometimes resulted in family members being unavailable for youth to
play with (e.g. parents working long hours, siblings moving out).
“My oldest brother left. So he went away to uni. So like… we used to play, every
afternoon we’d do something… whatever was on […] but when he left we… we
still did stuff but maybe once a week” (Christian, M, 21y)

8.3.7 Enablers
Participants were often reluctant to openly challenge social norms due to barriers such as peer
judgement (Blakemore & Mills 2014). However, certain situations enabled participants to
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engage in non-organised PA despite the influence of social norms. Some participants described
settings that enabled active play without being seen by school friends (e.g. a neighbour’s house).
For some participants, having a close friendship group also reduced concerns about being
judged.
“[With the neighbours] you're not trying to impress anyone, you know, just trying
to hide from your parents when you are climbing a tree, making sure they don't
know... they were kind of like family, so, it was like, there was no judgement, just,
like, be kids and have fun” (Tim, M, 22y)
Male participants often described playing handball in high school, after other types of active
play had become ‘childish’ (Australian handball is similar to the game of ‘four square’ played in
the US). Even ‘non-sporty’ males described playing handball, although females usually stopped
playing at the end of primary school. Handball shared some similarities with sports, such as
having some established rules and the use of a ball. However, handball was often seen as a
convenient game that allowed new players to join at any time, regardless of skill or social
standing. This game also had less potential for failure or embarrassment than sport. A few
participants also mentioned other active past-times with similar characteristics, such as active
video games and ‘Marker’s Up’ (kicking and catching game).
“…[in] cricket and basketball, you have to sign up… but handball you can just
join in and you don’t have to do anything… when you meet people, you have to
introduce yourself… while in handball you could just, like, you could just walk up
into a line and you’re in…” (Zac, M, 18y)
Although females were generally not involved in handball during high school, some engaged in
non-organised sports despite gender norms. These participants generally had an identity that
supported participation (e.g. ‘tomboy’) (Bevan et al. 2020). Male participants appeared to be
supportive of girls playing ‘boy sports’, although there were scarce examples of boys playing
‘girl sports’.
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“I was a, a tomboy, I liked my sneakers, I liked my hats, I liked my jean shorts to
the knee… woah! And um… I liked the ‘boy sports’” (Wendy, F, 20y)
“I thought it was pretty cool that she was playing [lunchtime football] - to be
honest. […] I think that’s sorta how she wanted to look I guess, sort of more…
I’m pretty sure she described herself as like a bit of a tomboy - and, yeah… like no
one had a problem with it or anything.” (Ethan, M, 19y)
8.3.8 Other comments
Some participants in our study also mentioned aspects of the built environment that influenced
their non-organised PA. Environmental factors that appeared to support non-organised PA
included neighbourhood safety, PA facilities (e.g. parks, footpaths), school PA facilities and
having other children in the neighbourhood. Although these factors were not included in a
theme in response to the research objectives, they are nevertheless an important aspect of PA
participation during adolescence (McGrath et al. 2015).

8.4 Discussion and conclusions
This study highlighted a number of factors related to the decline in non-organised PA between
childhood and adolescence in Australia, as well as barriers and enablers of participation. This
information may be useful to support the design of potential PA promotion strategies in the
transition from childhood to adolescence.
Our themes share some parallels with studies of other domains of PA, such as organised
PA. For example, withdrawal from organised PA has also been linked with self-consciousness
during puberty (Crane & Temple 2015), greater travel distance to school (Gatouillat et al. 2019)
and coming from a low SES background (Vella et al. 2014). Other themes in our study appear to
have more surface-level similarities with organised PA, with some key differences in the
specific mechanisms and consequences of those themes. For example, adults sometimes play a
role in youth dropout from organised PA due to creating an atmosphere of too much pressure
(Crane & Temple 2015) or through established gender norms (Bevan et al. 2020). However, our
findings reveal that adult modelling also influenced participation in types of non-organised PA
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due to perceptions of childishness. Additionally, studies of organised PA have investigated
concepts of identity such as gender identity (Bevan et al. 2020) or ‘exercise identity’ (the extent
to which generic notions of exercise are an important part of the self) (Rossing et al. 2016). Yet
to our knowledge, few studies of organised PA have focussed on the role of interest-based
identities (e.g. gamer, music kid). We speculate that interest-based identities may be particularly
important for non-organised PA, which tends to be more discretionary and driven by the
interests of youth (Active Healthy Kids Australia 2016). Finally, homework/school demands
(Gatouillat et al. 2019; Persson et al. 2019) and alternative leisure and social activities have also
been highlighted as barriers to organised PA (Crane & Temple 2015). However, our participants
mentioned the increasing need to schedule their PA due to these demands and this may have
particularly inhibited spontaneous non-organised PA.
The patterns of adult modelling and concern about being childish that were evident in
participant’s stories tended to reflect dominant discourses about the role of play during
childhood. Developmentally, childhood play is commonly thought to cultivate physical, social
and cognitive skills required for adult functioning (Pellegrini & Smith 1998). Once these skills
have been developed, play is sometimes assumed to be ‘biologically redundant’ (Cumming et
al. 2012) and it is superseded by new choices and responsibilities of adulthood. Thus, active
play was viewed as incompatible with our participants’ emerging adult identities (Deterding
2017). Yet for many participants, ‘adult’ expressions of PA (e.g. competitive sport) were not
able to recapture the light-hearted and inclusive nature of childhood active play (Active Healthy
Kids Australia 2016). Therefore, PA promotion strategies may seek to develop types of PA that
may replicate these aspects of active play among adolescent audiences. However, activities must
be ‘framed’ carefully to legitimise participation (Deterding 2017), perhaps by emphasising
activities that are similar to childhood play but with contextual differences that lessen childish
connotations (e.g. a ‘ropes course’ instead of a playground). Such strategies may be delivered in
a similar style to Högman and Augustsson’s (2017) ‘organised spontaneous sport’ model, which
provided a supervised and safe space for youth to engage in self-directed and unstructured types
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of PA. As such, this model may be considered a hybrid of both organised and non-organised
PA. The organised component of such hybrid models may provide some of the necessary
precursors for normative change by allowing youth to gain awareness of types of PA that they
might not have normally considered and to participate in the presence of supportive others
(Bicchieri 2017). However, the substantive focus of such hybrid models is on types of nonorganised PA that are unstructured, self-directed and intrinsically motivating (Active Healthy
Kids Australia 2016).
In addition to developing adult identities, our participants also discussed constructing
identities based around shared interests (e.g. ‘nerd’, ‘sporty kid’, ‘music kid’). Adolescence is
often viewed as a key time for identity formation (Erikson 1968), as adolescents begin to detach
from childhood ‘identifiers’ such as family and gain access to more diverse peer groups and
activities (Gilmore & Meersand 2014). As part of this process, some participants developed
‘non-sporty’ identities were viewed as antithetical to competitive sport participation and by
extension, overall PA participation (Bélanger et al. 2011). In response, health promotion
initiatives may seek to target ‘non-sporty kids’ by emphasising ‘identity congruent’ PA
(Deterding 2017). As mentioned previously, existing discourses about identity in PA research
have often focussed on the concept of ‘exercise identity’ (Rossing et al. 2016). However, rather
than seeking to change aspects of the self to incorporate ‘exercise’, identity congruent PA
involves changing ‘exercise’ to suit the existing self (Deterding 2017). In other words, identitycongruent PA may include types of PA that are compatible with non-active interests and
activities of particular niche groups. For example, ‘nerds’ and ‘gamers’ who are reluctant to
engage in competitive sports may be more motivated to engage in more identity-congruent
alternatives, such as active video games or augmented reality games (e.g. Pokémon Go) (Althoff
et al. 2016). Similarly, active drama games may appeal to youth who are interested in
performance and music.
Identity-congruent PA is also consistent with the concept of ‘stealth interventions’ that
focus on intrinsically-motivating behaviours (Robinson 2010). The rationale behind ‘stealth
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interventions’ is that youth are unlikely to be motivated by the potential health benefits of a
behaviour (Robinson 2010). Rather, youth are more likely to engage in active behaviours that
suit their interests and motivations, with PA merely being a positive side-effect (Robinson
2010). Identity-congruent PA may therefore help youth to recapture a level of intrinsic
enjoyment that often characterises childhood active play (Active Healthy Kids Australia 2016).
In addition to the physical health benefits of PA, this may also result in psychosocial benefits
associated with childhood play such as increased sense of belonging, reduced stress and reduced
depressive symptoms (Yogman et al. 2018).
Our theme about life circumstances related to the decline in non-organised PA may also
be used to inform PA promotion strategies. In particular, future interventions may be
contextualised using data on community characteristics (e.g. SES, divorce rate) in order to
develop strategies to overcome particular challenges. For example, many schools in the US host
‘intramural sports’ which allow youth to nominate sports to play against peers on school
property after-hours (Kanters et al. 2013). This strategy has been shown to support PA
participation among youth who experience greater life challenges, such as those from low SES
backgrounds (Kanters et al. 2013). In light of our study, a greater variety of less organised
intramural activities could be offered in schools to suit the interests and identities of ‘nonsporty’ youth (e.g. exergaming, drama games). In Australia, such strategies may be supported
by a recent New South Wales government policy allowing community access to school facilities
during school holidays (NSW Government 2018). Expanding this policy beyond school
holidays would enable greater intervention opportunities.
In addition to being a potential site for health promotion strategies, schools may also
play a role in setting the tone for adolescent leisure-time PA. For example, many PE teachers
view their role as preparing students for a lifetime of PA participation (McEvoy et al. 2017).
However, students sometimes perceive that PE lessons are dominated by sports and competition
(Wellard 2006), which only appeal to the interests and skills of some students (Corr et al. 2019;
Mennesson et al. 2019). Our findings highlight the importance of diverse PE curricula that
appeal to a broad range of interests. For example, the Australian PE curriculum includes a focus
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area on ‘active play and minor games’ (simple games with limited rules), and this focus area
continues up to the last year of primary school (Australian Curriculum Assessment and
Reporting Authority 2018). Extending this focus area into high school may create more
continuity between primary and high school PE, and this may help to break down social norms
about ‘acceptable’ types of PA. Ensuring adequate coverage of non-traditional focus areas in the
existing curriculum may also highlight types of PA that may appeal to the emerging identities of
youth (Deterding 2017), such as cooperative games (e.g. blind mazes, human knot), active
drama games and perhaps exergaming or augmented reality games. Given the increasing
popularity of ‘non-sport’ PA among Australian adults (Clearinghouse for Sport 2020), these
types of activities may be suitable to help adolescents connect with identity-congruent PA and
maintain PA habits into adulthood (McEvoy et al. 2017). These activities may also be offered to
students during other times, such as during mandatory school sports and break times. In
addition, given the differences between ‘sporty’ and ‘non-sporty kids’, schools may consider
elective or interest-based PE classes to allow youth to participate in activities that suit their
interests or desired level of competition (Mennesson et al. 2019).
Some limitations of this study are worth noting. Although the LHC approach has been
shown to collect detailed and credible information (Belli et al. 2007), the implications of our
study may need to be interpreted in light of secular changes that may have occurred over the last
5-10 years. Compared with study participants, present-day 11-15 year-olds may be even more
impacted by factors such as increased technology use and decreased neighbourhood social
capital (Leigh 2010). This study was also conducted in the Illawarra region of Australia and our
findings may not necessarily generalise to all contexts. In addition, most participants were
recruited through university classes, which may have limited the diversity of included voices.
This was mitigated through the use of stratified purposeful sampling based on SES, as well as
the recruitment of students from vocational classes, special entry classes and churches. Potential
recall bias may have also occurred when participants estimated their previous PA participation
on the screening survey, although this was mitigated by checking participants’ response during
phone screening. Finally, the use of two interviewers may have resulted in potential differences
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in interviewing styles. Strategies to mitigate this included having both interviewers practice on
each other and two pilot interviewees (with feedback from the lead researcher), as well as
regular debriefing sessions during fieldwork.
Despite these limitations, this study contributes a better understanding of social norms
related to non-organised PA, a seldom-researched domain of PA. The inductive approach of our
study, combined with the exploration of enablers of non-organised PA, has unearthed a wide
range of potential strategies for future PA promotion initiatives. Our findings suggest that future
PA promotion strategies may seek to ‘reframe’ childhood activities or develop identitycongruent types of PA in order to target ‘non-sporty’ youth.
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Chapter 9: General discussion and recommendations
This doctorate sought to explore changes in domains of PA participation during the transition
from childhood to adolescence and the factors that may influence those changes, with a focus on
non-organised PA. In particular, the thesis aimed to: (i) explore changes in domains of PA
participation (non-organised PA, organised PA, active transport and active chores/work)
between late-childhood and mid-adolescence; (ii) explore the childhood predictors of nonorganised PA participation during adolescence; (iii) explore patterns of alternative behaviours
that may compete with non-organised PA in the transition from childhood to adolescence; and
(iv) explore the PA stories of young adults (18-22y) who withdrew from non-organised PA and
overall PA between childhood (11y) and adolescence (15y). An inter-disciplinary approach was
used to explore these research aims by drawing on concepts from both public health and social
marketing.
Following a systematic review of longitudinal changes in domains of physical activity
during childhood and adolescence, a mixed-methods sequential explanatory design was used to
explore the research aims of this thesis (Ivankova et al. 2006). Two consecutive phases of
research were conducted. The quantitative research phase consisted of three studies presented in
Chapters 5 to 7. These studies utilised data from the K-cohort of the Longitudinal Study of
Australian Children, a large longitudinal study with national coverage. Three waves of data
were used, collected when participants were aged 11y (2010), 13y (2012) and 15y (2014).
Participation in domains of PA was measured at each wave using 24-hour TUDs. Following this
quantitative phase, a qualitative phase was conducted which consisted of one study presented in
Chapter 8. Qualitative data were collected via semi-structured interviews with embedded Life
History Calendars. Participants (n=22) were young adults (18-22y) who had withdrawn from
non-organised and overall PA between 11y and 15y. Recruitment was stratified by sex and SES
in order to include a diverse range of participant voices.
The purpose of this final chapter is to describe the main findings of this thesis and to
discuss these findings in light of other academic evidence. The chapter begins by synthesising
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the findings of this thesis as a whole. Possible mechanisms and explanations for the findings are
then discussed, and potential implications for PA promotion are highlighted. Finally, the
strengths and limitations of the thesis are explored and possible directions for future research are
outlined.

9.1 Overview of findings
Overall, this thesis has provided some initial evidence of the importance of non-organised PA in
the transition from childhood to adolescence. As revealed in the systematic literature review
presented in Chapter 3, this domain of PA has been the subject of limited research attention.
This systematic literature review included only two longitudinal studies of non-organised PA
during the transition from childhood to adolescence, and the overall synthesis of these studies
was inconclusive in terms of changes in this domain. As a result, Chapter 5 utilised LSAC data
to explore longitudinal changes in overall PA and four domains of PA (non-organised PA,
organised PA, active transport and active chores/work) between 11y, 13y and 15y. This chapter
highlighted that non-organised PA was particularly prone to decline between 11y and 13y,
especially among girls and adolescents from non-English speaking backgrounds.
Following this finding, two additional quantitative studies were conducted to explore
different aspects of non-organised PA participation in the transition from childhood to
adolescence. Chapter 6 presented an exploration of the predictors at 11y of non-organised PA
participation at 13y as well as predictors of change in participation between 11y and 13y. Nonorganised PA at 13y was positively predicted by PA enjoyment and the number of siblings, and
negatively predicted by sex (females) and home computer use at 11y. Females also tended to
spend less time in non-organised PA at 13y, although the overall hurdle model was not
significant. Finally, non-organised PA was less likely to decline between 11y and 13y among
youth of higher socioeconomic position and more likely to decline among youth who consumed
more sugary drinks at 11y.
Chapter 7 explored a different facet of this research topic by seeking to identify and
describe segments of youth whose participation in non-organised PA declined between 11y and
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13y, based on changes in other potential competing activities during this period. The ‘Social
Screens’ segment (14% of analytic sample) had large increases in texting, emailing, social
media use and other internet use, while ‘the Mainstream’ (86% of analytic sample) had smaller
increases in a wider range of activities. ‘Social Screens’ were more likely to attend public
school, live in urban areas and have more advanced pubertal development (girls only). ‘The
Mainstream’ segment was more likely to participate in PA and out-of-school activities.
Finally, the qualitative study described in Chapter 8 identified a range of social
normative factors associated with the decline in non-organised PA between childhood and
adolescence. Particular themes included adult modelling and influence, concern about
being childish, puberty, identity development, adult choices and responsibilities, and changing
life circumstances. Barriers to participation were related to fears about being different,
bullying, peer judgement and rejection. Enablers of participation included accessible games
(e.g. handball/foursquare), safe people and places and, for girls, having an identity that
supported challenging gender norms. These findings are particularly helpful for interpreting and
adding meaning to some of the quantitative findings presented in Chapters 5 to 7. For example,
the steeper decline in female participation in non-organised PA between 11y and 13y (Chapter
5) may be related to the influence of puberty as well as gender norms modelled by adults. In
addition, the positive predictor of PA enjoyment and the negative predictor of home computer
use in Chapter 6 may reflect the distinction between ‘sporty kids’ and ‘non-sporty kids’
elucidated in Chapter 8. Socioeconomic status also appeared to be related to the decline in nonorganised PA participation in both quantitative and qualitative data. Finally, the number of
siblings in the household was a predictor of non-organised PA at 13y, and this aligns with the
role of siblings described by some of the qualitative participants.

9.2 Discussion of findings
This thesis has been conducted in the context of evidence that few Australian youth are attaining
sufficient PA participation (Guthold et al. 2020), and that PA participation tends to decline with
increasing age (Dumith et al. 2011). National cross-sectional evidence also suggested that the
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domain of non-organised PA may be particularly prone to decline (Australian Bureau of
Statistics 2013a). Therefore, information about longitudinal changes in domains of PA
participation was sought in order to potentially highlight more specific behavioural targets for
PA promotion.
A key finding of this thesis was a large decline in non-organised PA participation
observed among Australian youth between 11y and 15y. Non-organised PA comprised almost
the entire decline in PA participation between these ages, which was consistent with national
cross-sectional data (Australian Bureau of Statistics 2013a). One reason for this decline appears
to be the perception that certain types of non-organised PA become ‘childish’ in the transition
from childhood to adolescence (Devís-Devís et al. 2015). For example, participants in Chapter 8
highlighted types of active games such as ‘tip’ as being particularly childish. These perceptions
may be partly driven by a process of social learning, whereby children and adolescents observe
the behaviour of adults (e.g. parents and media role models), interpret those behaviours and
make decisions (Bandura 1971). Childish types of non-organised PA may thus be viewed by
adolescents as being contrary to their emerging adult identities (Deterding 2017). As a result,
adolescents often withdraw from these types of non-organised PA due to fears of peer
judgement (Wheatley et al. 2018). Concern about peer judgement appears to be particularly
stark in the transition to high school (Gilmore & Meersand 2014), at which point youth are
likely to determine normative behaviour by observing the conduct of other adolescents (EmmCollison et al. 2019; Wheatley et al. 2018). Adolescents may also determine normative PA
behaviour from the physical environments of their high school, as these tend to be more
conducive to sporting activities rather than active play (Hyndman & Chancellor 2017).
As highlighted in Chapter 5, the decline in non-organised PA between 11y and 13y was
particularly steep among girls. This was consistent with the findings of a systematic review of
longitudinal changes in overall PA during childhood and adolescence (Dumith et al. 2011). This
finding may be partially related to the onset of puberty, as the majority of girls in the LSAC
cohort experienced their menarche between 11y and 13y (May et al. 2017). Puberty tends to
intensify feelings of self-consciousness among girls (Lopez 2019), with many developing
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insecurities about being watched and appraised by others (Corr et al. 2019). Adolescent girls
often become particularly self-conscious about being watched by boys (Spencer et al. 2015), as
discussed by participants in Chapter 8. Girls may also feel self-conscious due to body image or
weight concerns during adolescence (Devís-Devís et al. 2015). As a result of these concerns,
adolescent girls may avoid engaging in PA altogether or restrict their participation to private
places such as their bedroom (Azzarito & Hill 2013). Cognitive changes during puberty may
also make adolescents more prone to sedentary past-times such as browsing the internet and
social media use (Crone & Konijn 2018; Tsai et al. 2018), which were the main activities that
appeared to compete with non-organised PA among the ‘Social Screens’ segment of youth
presented in Chapter 7.
The decline in non-organised PA among young adolescent girls may also relate to the
perception that PA is unfeminine (Corr et al. 2019; Fernandez-Lasa et al. 2020), especially
sports that are predominantly played by boys (Abdelghaffar et al. 2019; Azzarito & Hill 2013;
Slater & Tiggemann 2010; Spencer et al. 2015). As discussed in Chapter 8, this may relate to
gender norms modelled by adults and the media. Thus, girls may avoid PA participation due to
fears of peer judgement for breaking gender norms (Martins et al. 2015), and they may instead
choose to focus on socialising during their free time (Ridgers et al. 2011). By contrast, Chapter
8 also highlighted that some girls may be comfortable playing ‘boys sports’ – but this appeared
to be predicated on having an identity that supports participation (e.g. being a ‘tomboy’)
(Paechter 2010). However, there is some evidence that emerging generations may be developing
a more nuanced conception of femininity that avoids the traditional dichotomous stereotypes of
‘girly girls’ and ‘tomboys’ (Bruce 2016; Paechter 2010). More flexible views of femininity have
been particularly linked with increased media coverage of females in sport (Bruce 2016).
Chapter 6 also highlighted other predictors of non-organised PA participation at 13y.
For example, adolescents were more likely to engage in non-organised PA at 13y if they had
enjoyed being physically active at 11y. This was in line with previous cross-sectional evidence
for overall PA (Best et al. 2017). Youth who remain active during adolescence have been shown
to be more motivated by factors that are intrinsic to PA participation, such as enjoyment or
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mastery (Martins et al. 2015). As highlighted in Chapter 8, adolescents who have a long history
of PA participation may adopt an identity related to playing and succeeding in sport (Ronkainen
& Ryba 2019). These adolescents may become more serious in their non-organised PA
participation, with a greater focus on performance and winning (Carless & Douglas 2013). As a
result, youth who are less confident in their physical abilities may withdraw from PA due to
intimidation and fears of embarrassment (Martins et al. 2015).
Adolescents who drop out of PA participation often adopt other past-times that may
better suit their preferences and interests (Martins et al. 2015). For example, Chapter 6
highlighted that youth who engaged in higher levels of computer use at 11y were less likely to
engage in non-organised PA at 13y. According to a systematic review of qualitative studies,
youth who become inactive during adolescence often report that their previous PA participation
was motivated by extrinsic factors (Martins et al. 2015), which may include belonging and
affiliation (Scanlan & Lewthwaite 1986). Thus, youth who develop ‘non-sporty’ identities may
seek these extrinsic benefits in alternative activities, such as playing video games (Devís-Devís
et al. 2015; Kumar et al. 2016), going out (Corr et al. 2019; Persson et al. 2019) or reading (Mak
& Fancourt 2020). These ‘non-sporty’ adolescents are likely to seek out peers who share similar
interests (Gilmore & Meersand 2014), in order to form social niches such as ‘nerds’, ‘music
kids’ or ‘drama kids’.
An example of a potential social niche was highlighted in Chapter 7, in the form of the
‘Social Screens’ segment of youth. This segment was characterised by having large increases in
texting, emailing and social media use, and a moderate increase in other internet use between
11y and 13y. These activities may have developed a degree of salience among this group,
characterised by increasing absorption at the expense of other past-times (Griffiths et al. 2014),
including overall PA and out-of-school activities. Online activities may have become a key
source of social connectedness and belonging for the ‘Social Screens’ segment (Allen et al.
2014), perhaps replacing the social benefits that are often associated with childhood active play
(Lee et al. 2015). It has been shown that active youth often derive social interaction from their
PA participation (Martins et al. 2015), while inactive youth often engage in inactive
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socialisation instead of PA (Pawlowski et al. 2015; Slater & Tiggemann 2010). Therefore,
strategies focussed on the social benefits of non-organised PA may be effective in motivating
youth in the ‘Social Screens’ segment.
This thesis has also highlighted some other factors related to participation in nonorganised PA during childhood and adolescence. As reported in Chapter 6, youth were more
likely to engage in non-organised PA at 13y if they lived with a greater number of siblings. This
suggests that having a large number of siblings may afford more opportunities for spontaneous
and self-directed play (Active Healthy Kids Australia 2016). By contrast, children with no
siblings have been shown to engage in less light PA and more sedentary behaviour than other
children (Kracht et al. 2019). Sole children may also be unlikely to engage in non-organised PA
with their neighbours, as a recent survey has indicated that around 40% of Australian adults
never or rarely speak with their neighbours (Relationships Australia 2019). Having older
siblings move out of home may also reduce opportunities for non-organised PA in the home
setting, as described by participants in Chapter 8.
Chapter 6 also highlighted that youth who consumed more sugary drinks at 11y were
more likely to reduce their non-organised PA participation between 11y and 13y. As discussed
in that chapter, this may reflect the clustering of unhealthy behaviours (Mayne et al. 2020).
Another explanation may be the influence of peers (Lally et al. 2011; Watts et al. 2018; Wouters
et al. 2010), as certain peer groups can sometimes share similar patterns of health behaviours,
such as PA participation and consumption of sugary drinks (Jordan et al. 2019). However,
Chapter 6 only included two peer-related variables and neither of these were related to the
perceived or actual health behaviours of the participants’ peers. Therefore, future studies may
shed light on this by including measures of peer health behaviours in analyses (see Section
9.6.2).
The socioeconomic position of the family was also a significant predictor of decline in
non-organised PA (Chapter 6) and this was also evident in qualitative data (Chapter 8). Youth
from low socioeconomic backgrounds have been previously shown to have reduced
participation in organised sports (Vella et al. 2014), due to factors such as transport availability
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and the lack of household funds to buy equipment (Dollman & Lewis 2010). Similarly, youth
from low socioeconomic backgrounds may also face barriers to non-organised PA, such as
having more restrictive household rules regarding active play in the neighbourhood and having
less play equipment in the home (Tandon et al. 2012).
Participants in Chapter 8 also mentioned other circumstantial factors that played a role
in their withdrawal from non-organised PA during adolescence. For example, participation in
non-organised PA may be disrupted by changes in the school environment such as being
separated from friends in the transition to high school (Emm-Collison et al. 2019). Participants’
stories also highlighted that divorce can sometimes also disrupt participation in non-organised
PA. In addition to facing the emotional impact of divorce, adolescents may also face practical
challenges that reduce their ability to engage in non-organised PA. Particular challenges may
include a lack of parental time to support or encourage PA (Day 2018; Quarmby & Dagkas
2010; Quarmby et al. 2011), a reduction in parental financial capital (Moxnes 2003; Quarmby &
Dagkas 2010), moving between houses due to shared custody (Quarmby & Dagkas 2010),
moving away from neighbourhood friends (Moxnes 2003) or having to take on more
responsibility around the home (Clarke-Stewart & Brentano 2006).
In addition to investigating the domain of non-organised PA, this thesis also explored
changes in other domains of PA (organised PA, active transport and active chores/work).
However, participation in these domains of PA either remained stable or had only small
longitudinal changes in Chapter 5. For example, a stable trend was observed in LSAC data for
organised PA participation, and this was consistent with national cross-sectional data
(Australian Bureau of Statistics 2013a). This stable trend may reflect the maintenance of a
‘status quo’ – youth who are already participating in organised PA may be more likely to
continue because they may have ‘specialised’ in a particular sport (Bell et al. 2018) and
developed an identity related to sporting success (Kim et al. 2020). By contrast, youth who are
not already participating in organised PA may face barriers such as a lack of perceived physical
competence (Martins et al. 2015) and fear of embarrassment for letting down team members
(Casey et al. 2016; Slater & Tiggemann 2010; Yungblut et al. 2012). In terms of other PA
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domains, LSAC data revealed that active transport had a small increase in participation for
males only between 11y and 13y and an almost equal decline between 13y and 15y. A similar,
non-significant trend was also observed among females. The rise in participation in the
transition to adolescence may reflect an increase in independence among youth and greater
parental confidence in their child’s ability to travel alone (Faulkner et al. 2010). However, the
reasons for the subsequent decline in participation may include greater travel distances to high
school (Sirard & Slater 2008), an increase in school commitments (Underwood et al. 2014), the
novelty of independent active travel wearing off (Underwood et al. 2014), and growing
perceptions during mid-adolescence that active transport is unfashionable (Underwood et al.
2014) or a boring necessity (White et al. 2018). LSAC data also revealed a small increase in
participation in active chores and work between 11y and 13y that then stabilised between 13y
and 15y. This may reflect the common view that household chores and part-time work are
‘mature’ activities that are associated with taking responsibility as one approaches adulthood
(Alcalá et al. 2014; Dumont et al. 2009).

9.3 Implications of findings
This thesis has provided initial evidence that participation in non-organised PA may be
particularly prone to decline between childhood and adolescence in Australia. This is a
noteworthy finding that is also consistent with national cross-sectional statistics (Australian
Bureau of Statistics 2013a). As such, this thesis has the potential to shape future PA promotion
strategies that focus on non-organised PA among youth. Other evidence provided in this thesis
could be used to inform the development of specific social marketing strategies to promote
participation in non-organised PA. For example, non-organised PA interventions may seek to
replace the benefits that youth may derive from less active behaviours (National Social
Marketing Centre 2011). Segmentation strategies may also be used to target messages and
interventions toward particular population groups (Hastings & Domegan 2013). The following
paragraphs elaborate on these potential strategies.
One potential approach to promoting non-organised PA may involve ‘reframing’
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childhood play activities to be more acceptable to adolescent audiences (Deterding 2017). This
may be achieved by emphasising types of non-organised PA that are functionally similar to
active play but with important contextual differences that lessen childish connotations. For
example, adolescents may be reluctant to use playground facilities due to fear of peer judgement
(Blakemore & Mills 2014). However, a ‘ropes course’ in the neighbourhood or school may
involve similar physical tasks (e.g. climbing, balancing, hanging) that do not have childish
connotations (Conley et al. 2007; Haras et al. 2006). Participation in ‘reframed’ activities such
as these may be encouraged through PA initiatives similar to the ‘organised spontaneous sport’
model described by Högman and Augustsson (2017). This model provided a supervised location
for ‘non-sporty’ youth to engage in flexible, improvised games that suited their interests and
motives (Högman & Augustsson 2017). As such, this model may be considered a hybrid of both
organised and non-organised PA. An adapted version of this model may enable youth to seek
affiliative benefits in freely-chosen non-organised PA (Scanlan & Lewthwaite 1986), instead of
in alternative past-times. One potential improvement to Högman and Augustsson’s (2017)
approach may be to adopt segmentation strategies to target specific groups of adolescents (e.g.
girls, ‘music kids’) (Kreuter et al. 2014). This flows out from Högman and Augustsson’s (2017)
observation that hegemonic power structures were often evident in decision-making processes
among their relatively diverse group of participants. In particular, it was noted that boys who
preferred competitive sport often took control of decisions about what types of PA would occur
in the sessions (Högman & Augustsson 2017). Therefore, a segmented strategy targeting
particular groups of youth may allow preferred types of non-organised PA to be determined
more equitably.
Particular niche groups that may be targeted based on evidence from this thesis include
girls, those with fewer siblings and those from culturally-diverse and low SES backgrounds.
Practitioners seeking to target segments such as these may consider drawing on aspects of
Donovan and colleagues’ TARPARE model of segmentation to inform their approach (Donovan
et al. 1999). This model contains criteria that may be used by social marketers to assess the
viability of potential target segments, such as the number of people in the segment, the
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accessibility of that segment, as well as ethical concerns about equity (Donovan et al. 1999). In
terms of segment size, data about community characteristics (e.g. SES, cultural diversity) may
allow intervention strategies to be delivered in a viable geographic location where a sufficient
number of segment members reside. In terms of accessibility, the TARPARE model may help
practitioners to consider the extent to which the segment may be reached through various
communication channels (Donovan et al. 1999). For example, cultural centres or public libraries
may provide suitable communication channels to reach culturally-diverse segments of the
population. Finally, the TARPARE model includes a criterion about equity considerations
(Donovan et al. 1999). Ethical issues may sometimes arise when conducting segmentation in
social marketing because this involves offering assistance to certain population groups at the
exclusion of others (Hastings & Domegan 2013). Therefore, practitioners may opt to assess
intervention strategies via ‘pragmatic trials’ (Patsopoulos 2011), whereby a particular segment
of the population is targeted as much as possible but other adolescents who happen to be
interested are also allowed to participate.
In addition to the above strategies, the delivery of interventions may also be customised
to suit particular segments of youth. For example, providing a private space to engage in PA
(e.g. in school or community venues) may be appropriate for adolescent girls who may be selfconscious about being seen by others (Azzarito & Hill 2013). In addition, youth with fewer
siblings may be encouraged to participate in collaborative PA with remote friends via gamified
PA apps such as those used in the recent STEP UP trial conducted with adults (Patel et al.
2019). Finally, intramural sports may support the participation of youth from lower SES
backgrounds (Kanters et al. 2013), although a greater variety of intramural activities may be
offered in light of this thesis (e.g. ‘reframed’ childhood activities). Intramural activities in
particular may be supported by a recent New South Wales government policy that allowed
school facilities such as sporting fields and playgrounds to be used by community members
during school holidays (NSW Government 2018). Expanding this policy beyond school
holidays may enable greater intervention opportunities.
Another potential intervention strategy that arises from this thesis relates to emphasising
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‘identity congruent’ types of PA (Deterding 2017). This may involve identifying and focussing
on types of PA that are consistent with the interests of niche segments of youth, such as
‘gamers’, ‘music kids’ and ‘drama kids’. This approach may allow youth from certain peer
groups to engage in intrinsically-motivating types of PA, perhaps as part of a ‘stealth
intervention’ (Robinson 2010). ‘Stealth interventions’ assume that youth are unlikely to be
motivated by strategies that merely focus on the health benefits of behaviours (Robinson 2010).
Rather, audiences are more likely to be motivated to engage in healthy behaviours if these are
consistent with their existing interests and motivations (Robinson 2010). Thus, identitycongruent PA may allow youth to engage in intrinsically enjoyable activities, with PA merely
being a positive side-effect of their participation (Robinson 2010). For example, ‘gamers’ and
those who are interested in computers may be reluctant to engage in competitive sports due to
fears of embarrassment (Casey et al. 2016). However, such adolescents may be more motivated
to engage in identity-congruent alternatives, such as active video games or augmented reality
games (e.g. Pokémon Go) (Althoff et al. 2016). Similarly, youth who are interested in
performance and music may be motivated to engage in active drama games (Swale 2016).
Finally, adolescents similar to the ‘Social Screens’ segment described in Chapter 7 may be
motivated by social fitness apps such as ‘inKin’, which allow users to set PA goals and compare
themselves with friends (inKin Social Fitness 2019). Thus, identity-congruent PA may be a
potential avenue to help youth to engage in types of PA that may provide similar benefits to
potential competing sedentary behaviours.
This thesis has also highlighted some potential implications related to school-time
activities. Many PE teachers view their role as preparing students for a lifetime of PA
participation (McEvoy et al. 2017). However, students sometimes perceive that PE lessons are
dominated by sports and competition (Ladwig et al. 2018; Wellard 2006), which only appeal to
the interests and skills of some students (Corr et al. 2019; Mennesson et al. 2019). Our findings
highlight the importance of diverse PE curricula that appeal to a broad range of interests. For
example, the Australian PE curriculum includes a focus area on ‘active play and minor games’
(e.g. simple games with limited rules), and this focus area continues up to the last year of
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primary school (Australian Curriculum Assessment and Reporting Authority 2018). Extending
this focus area into high school may create more continuity between primary and high school
PE, and this may help to break down social norms about ‘acceptable’ types of PA. Ensuring
adequate coverage of non-traditional focus areas in the existing curriculum may also highlight
types of PA that may appeal to the emerging identities of youth (Deterding 2017), such as
cooperative initiative games (e.g. blind mazes, human knot), active drama games and perhaps
exergaming or augmented reality games. Given the increasing popularity of ‘non-sport’ PA
among Australian adults (Clearinghouse for Sport 2020), these types of activities may be
suitable to help adolescents connect with identity-congruent PA and maintain PA habits into
adulthood (McEvoy et al. 2017). These activities may also be offered to students during other
times, such as during mandatory school sports and break times. In addition, given the
differences between ‘sporty’ and ‘non-sporty kids’, schools may consider investigating elective
or choice-based PE classes that may allow youth to participate in activities that suit their
interests or desired level of competition (Mennesson et al. 2019).

9.4 Research strengths
A range of benefits were derived from the overall approach taken in this thesis. Firstly, the
mixed methods nature of this thesis included two complementary research phases that allowed
the research problem to be explored with greater richness than a single phase alone (Cresswell
2015). Thus, a diverse range of research questions were investigated in this thesis, including
explorations of national trends as well as the lived-experiences of participants (Tashakorri &
Creswell 2007). Another advantage of this thesis relates to the interdisciplinary approach which
drew on theoretical concepts from the fields of public health and social marketing. Within
public health, Bronfenbrenner’s Social Ecological Model provided a comprehensive basis for
examining the potential predictors of non-organised PA participation (Bronfenbrenner 1979).
This allowed the inclusion of a broad range of contextual factors in analyses that may not have
otherwise been considered, such as the social networks of parents, neighbourhood
characteristics and seasonal differences. Within the field of social marketing, concepts such as
189

segmentation and competition allowed a better understanding of the research problem and
provided direct links to practice (National Social Marketing Centre 2011). When applied
together, these theoretical frameworks allowed the thesis to consist of a comprehensive
investigation that yielded applied outcomes for practice.
A specific strength of the quantitative phase of this thesis was that it used a large
national dataset (LSAC), which had a much greater breadth and geographic scope than could be
reasonably collected within a single PhD candidature. The use of national data also allowed the
external validity of some findings to be triangulated against national cross-sectional statistics
(Australian Bureau of Statistics 2013a). In addition, the longitudinal nature of this dataset
allowed the simultaneous exploration of changes in multiple domains of PA (Chapter 5), as well
as the investigation of longitudinal predictors (Chapter 6) and competitors of non-organised PA
(Chapter 7). Additionally, the broad range of variables included in this dataset allowed a large
number of potential predictors to be tested in Chapter 6, many of which had not previously been
tested in the context of non-organised PA. Finally, the qualitative phase of this thesis also
included a number of research strengths, such as the use of an inductive approach, the use of
Life History Calendars to provide a visual roadmap of interviews, and the use of reflexive
techniques such as the inclusion of an independent co-coder as a ‘critical friend’.

9.5 Research limitations
This thesis is also subject to a number of limitations that are explored below.

9.5.1 Limitations of the systematic literature review
As described in Chapter 3, a large amount of heterogeneity was noted in the studies included in
the systematic review. This prevented aggregate data analysis, so a data synthesis was instead
provided which focussed on the direction and significance of changes. In addition, the review
may have been limited by a lack of consistent terminology in the field (e.g. interchangeable use
of ‘domain’, ‘mode’, ‘context’, etc). Consistent terminology was encouraged in future studies.
Finally, it was noted that the generalisability of findings may have been affected by the fact that
most studies in the review were conducted in Europe, and that few studies were deemed to have
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a low risk of bias (6/23 studies).

9.5.2 Limitations of the quantitative phase
This section begins by describing the limitations that apply to the quantitative phase of this
thesis as a whole (Chapters 5 to 7). Following this, Table 9.1 details other limitations that apply
to specific chapters.

The following overall limitations of the quantitative phase of this thesis are noted:


Self-report methods were used to measure participation in domains of PA. This may
have led to potential recall bias, although this was attenuated through interviewer
prompts and completing the TUD on the day before the interview (Corey et al. 2014).



TUDs were completed over a 24-hour period which may have led to a degree of
variation if participants completed the TUD on different days of the week in different
waves. This was partially addressed by controlling for school attendance on the day of
TUD completion.



There were slight changes in the wording of TUD codes between waves, although PA
domains generally harmonised well (see Appendix L).



Some of the variables that were tested as moderators, predictors and covariates had
unknown reliability and validity.



Data weights did not account for non-response to the TUD or individual data items.



Statistical models did not control for multiple comparisons.



LSAC is a ‘closed’ longitudinal study with no new participants since 2004 - this may
have affected the representativeness of some variables (e.g. language spoken at home).



Data were collected in 2010-2014, at a time when certain technologies may have been
less common among children and adolescents (e.g. mobile phones, social media).

Other limitations apply to specific quantitative chapters of this thesis, as shown in Table 9.1.
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Table 9.1 Limitations of specific quantitative chapters of this thesis
Chapter
Chapter 5
(RQ1)
Chapter 6
(RQ2)

Chapter 7
(RQ3)

Limitations
 PE lessons were not recorded in the TUD, which may have led to potential
underestimation of organised PA.
 The data weight did not account for attrition beyond Wave 4
 Some of the potential predictors described in Chapter 2 were not available in the
LSAC dataset (e.g. peer PA participation, parental support for PA, PA equipment
in the home)
 A binary measure of decline in non-organised PA between 11y and 13y was used
(i.e. whether participation declined or not). This prevented the exploration of
more nuanced patterns of change.
 The analytic sample size fell slightly short of 100 cases per variable as advised by
Dolnicar and colleagues (2016). This prevented the identification of separate
clusters for males and females.
 Data weights were not applied because a limited subset of the sample was used.
 Analyses were not adjusted for season of measurement because the sample size
was insufficient to restrict analyses to participants measured in the same season
in both waves.
 Compositional data analysis (CoDA) may have provided more accurate estimates
of changes in the composition of the total 24-hour period between waves
(Dumuid et al. 2018).

9.5.3 Limitations of the qualitative phase
The qualitative phase of this thesis included young adults who shared their stories about nonorganised PA during the transition from childhood to adolescence. As discussed in Chapter 8,
these stories may not necessarily reflect the experiences of present-day youth due to secular
changes that may have occurred over the last 5-10 years. In addition, most participants in this
phase were recruited from university classes which may have limited the diversity of shared
experiences. There may have also been a degree of recall bias when participants estimated their
previous PA participation on the screening survey. Finally, two interviewers were involved in
this study to allow participants to be interviewed by a person of the same gender. This may have
resulted in potential differences in interviewing style.

9.6 Future research directions
This thesis has contributed a range of new evidence related to changes in non-organised PA
participation between childhood and adolescence in Australia. This opens the way for a range of

192

additional studies to explore various facets of this research topic. This section provides 10
specific recommendations for future research that are summarised in Figure 9.1.

9.6.1 Participation in domains of PA between childhood and adolescence
Chapter 5 presented an analysis of national longitudinal data which showed that the domain of
non-organised PA was particularly prone to decline between 11y and 13y. Two specific
recommendations for future research are highlighted in response to this study:



Recommendation #1: Due to the use of a 24-hour TUD in Chapter 5, it is
recommended that future studies measure participation in PA domains over a longer
period at each time-point. For example, the use of a 7-day TUD may provide a better
estimate of children’s habitual PA participation and reduce the degree of variation
associated with conducting TUDs on different days of the week in different waves.
Despite this, it is hypothesised that a 7-day TUD may still reveal a substantial decline in
non-organised PA participation because this was reflected in national cross-sectional
data that measured participation over a 7-day period (Australian Bureau of Statistics
2013a). Other recommendations in Section 9.6 that involve the quantitative
measurement of non-organised PA may also benefit from the adoption of a 7-day TUD.



Recommendation #2: As shown in Appendix L, non-organised PA was measured using
a single TUD code at 11y and 13y, which prevented this domain from being
disaggregated into specific activities. Therefore, it is recommended that future studies
measure specific types of non-organised PA at these ages in order to determine whether
particular types of non-organised PA are prone to decline (e.g. active play, informal
sport, walking/cycling for leisure). This may be useful to further guide intervention
development.
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Figure 9.1 Visual representation of the aims and research questions of this thesis, showing recommendations for future research

(1) Use TUDs over a longer period of time (e.g. 7
days) to measure participation in PA domains at 11y,
13y and 15y

(3) Test a wider range of variables as
potential predictors of non-organised
PA between 11y and 13y (e.g. peer
participation in PA, play equipment in
the school/home, parental support for
PA)
(4) Seek to identify groups of youth
based on other longitudinal patterns in
non-organised PA between 11y and
13y (e.g. remaining high, high to low,
remaining low, etc), and investigate
the predictors of these patterns of
participation

(7) Replicate the study described in Chapter 8 with
participants recruited from a wider range of settings
(e.g. community organisations, recruitment of the
general population via social media)

(2) Measure participation in specific types of nonorganised PA between 11y and 13y (e.g. active
play, informal sport, walking/cycling for leisure)

Aim 1: Participation in domains of PA
between childhood and adolescence
(Research Question 1)

Aim 2: Predictors
of non-organised
PA (11y  13y)
(Research
Question 2)

Aim 3: Activities that
may compete with
non-organised PA
(11y  13y)
(Research Question 3)

Aim 4: Social norms, barriers and
enablers related to non-organised PA
during adolescence
(Research Questions 4 & 5)

(8) Conduct a longitudinal qualitative study with regular interviews during
childhood and adolescence to explore changes in social norms related to nonorganised PA among present-day 11-15 year-olds

(5) Replicate the study
described in Chapter 7
with a larger sample to
confirm findings and allow
the identification of
clusters for males and
females separately
(6) Conduct compositional
data analysis on changes in
the 24 hour day to test
whether particular
activities replace nonorganised PA between 11y
and 13y

(9) Conduct formative research to identify
and profile niche segments of youth, and
involve members of those segments in the
design of potential PA interventions

(10) Evaluate the efficacy of an intervention designed to promote identitycongruent PA participation among a niche segment of inactive adolescents
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9.6.2 Predictors of non-organised PA participation between childhood and adolescence
Chapter 6 highlighted the socio-ecological predictors at 11y, of: (i) non-organised PA
participation at 13y; and (ii) the decline in non-organised PA participation between 11y and
13y. Two specific recommendations for future research are highlighted in response to this study:



Recommendation #3: A number of correlates and predictors of overall PA were not
available in the LSAC dataset, and some of these may have been important predictors of
non-organised PA (e.g. PA participation of the child’s peers (Aura et al. 2016;
D’Angelo et al. 2017; Garcia et al. 2016), having PA equipment in the home (Spurr et
al. 2016), parental support for PA (Jaeschke et al. 2017)). It is recommended that a
future longitudinal study should test these additional variables as potential predictors of
non-organised PA participation and decline between childhood and adolescence.



Recommendation #4: A limitation of Chapter 6 was that the decline in non-organised
PA between 11y and 13y was operationalised as a binary variable (whether or not the
duration of non-organised PA had declined). This prevented the exploration of more
nuanced patterns of change between 11y and 13y. Therefore, future studies may seek to
explore other patterns of change in non-organised PA between childhood and
adolescence (e.g. remaining high, remaining low, increasing participation). Approaches
such as latent class analysis or latent growth curve analysis may be useful for
identifying such patterns of change (Bowles & Montroy 2013; Samuelsen & Raczynski
2013). Testing the predictors of certain patterns of participation may be useful to
support PA promotion strategies (e.g. by highlighting the enablers of consistently high
participation in non-organised PA between childhood and adolescence).

9.6.3 Activities that may compete with non-organised PA between childhood and adolescence
Chapter 7 identified two segments of youth whose participation in non-organised PA had
declined between 11y and 13y, based on changes in other potential competing activities during
this period. Two specific recommendations for future research are highlighted in response to
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this study:



Recommendation #5: As the analytic sample size for this study was limited, future
studies may seek to replicate this research with a larger sample to confirm the findings.
This may also enable the testing of sex-specific clusters which was not possible in the
present thesis.



Recommendation #6: As previously mentioned, CoDA may provide an alternative
method for identifying activities that may compete with non-organised PA between
childhood and adolescence (Dumuid et al. 2018; Olds et al. 2018). Compared with the
study described in Chapter 7, the use of CoDA would enable longitudinal time-flows to
be identified in the composition of the 24-hour day, to understand which activities
compete with or replace non-organised PA during this transition period (Olds et al.
2018).

9.6.4 Social norms, barriers and enablers related to non-organised PA during adolescence
Chapter 8 highlighted a number of factors related to the decline in non-organised PA between
childhood and adolescence in Australia, as well as barriers and enablers of participation. In light
of this study, specific recommendations for future research may include:



Recommendation #7: Although the study described in Chapter 8 sought to include a
diverse range of voices, most participants were recruited from university classes. A
future study may seek to recruit participants from additional sources (e.g. community
organisations or social media), in order to explore whether similar themes emerge from
a more diverse sample of young adults.



Recommendation #8: Chapter 8 used life history calendars to collect detailed and
credible information from young adult participants (Belli et al. 2007). However, it was
noted that the implications of this study may need to be interpreted in light of secular
changes over the last 5-10 years (e.g. increased technology use, decreased
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neighbourhood social capital). To overcome this, future researchers may seek to
conduct a qualitative longitudinal study with present-day children and adolescents. This
may involve conducting repeated interviews with a cohort of youth during childhood
and adolescence in order to explore participants’ changing experiences and perceptions
of non-organised PA.

A specific finding of Chapter 8 was that participants who withdrew from non-organised PA
between childhood and adolescence often developed interest-based identities that were viewed
as incompatible with PA participation (e.g. gamer, music kid). Therefore, opportunities may
exist to develop interventions to target inactive youth from particular niche segments by
providing PA options that suit their interests (e.g. exergaming, PA apps, drama games, etc). As
illustrated in Figure 9.2, a two-phase research project may be conducted in order to pursue the
following research recommendations:



Recommendation #9: A formative research project may be conducted to identify and
profile niche segments of youth, and involve members of those segments in the design
of potential PA interventions. This project may firstly use focus groups to develop a
peer crowd measurement tool for use in the Australian context, following the example
of the I-Base survey in the US (Lee et al. 2014). This tool may be subsequently included
in a quantitative survey deployed in Australian high schools, in order to profile the
characteristics of youth who affiliate with various niche segments. Finally, another
round of focus groups may be conducted to explore potential ‘identity congruent’ types
of recreational PA that may be appealing and feasible for youth who affiliate with a
particular niche segment.
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Figure 9.2 Summary of a proposed research project designed to develop and test an
‘identity congruent’ PA intervention
Phase 1:
Mixed-method
formative
research

Indicative aims and methods:
Three-stage mixed method research project aiming to:
1. Develop a method to categorise Australian youth into distinct niche
segments (qualitative research)
2. Profile the characteristics of youth who identify with particular segments
(quantitative research)
3. Explore potential types of identity-congruent recreational PA that are
appealing and feasible for particular segments of youth (qualitative
research)

Phase 2:
Mixed-method
evaluative
research

Indicative aims and methods:
Parallel-group randomised controlled trial aiming to:
1. Assess the efficacy of an identity-congruent PA intervention to promote

habitual and recreational MVPA among a group of inactive youth,
compared with a control group (e.g. a generic sports-based programme)
2. Test whether participation in the intervention leads to changes in inactive

adolescents’ attitudes and behavioural intentions toward PA participation,
compared with youth in the control group
3. Assess pre- and post- differences in psychosocial outcomes (e.g.

wellbeing, self-efficacy, belonging) among adolescents in the intervention
and control groups.
4. Compare the amount and intensity of PA time during intervention and

control sessions
5. Gather qualitative data on participants’ experiences in the intervention

and control programmes, including changes in their perception of PA
participation



Recommendation #10: A parallel-group randomised controlled trial may be conducted
to evaluate an identity-congruent PA intervention strategy (developed based on the
findings of the formative studies described in Recommendation #9). As detailed in
Figure 9.2, the intervention would seek to promote habitual and recreational MVPA
among a group of inactive youth who affiliate with a particular niche segment. MVPA
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could be assessed via accelerometry conducted over a 7-day period at baseline, postintervention and at 6 months follow-up. Other outcomes of this intervention may
include changes in attitudes and behavioural intentions toward PA participation,
changes in psychosocial outcomes (e.g. personal wellbeing, self-efficacy, belonging),
PA participation during the intervention (assessed via accelerometry) and the qualitative
experiences of participants in the intervention and control programmes.

9.7 Conclusion
This thesis has provided some initial evidence about the importance of non-organised PA in the
transition from childhood to adolescence in Australia. As indicated by the systematic literature
review presented in Chapter 3, this domain of PA has received limited attention in previous
research. Using data from a large, national longitudinal study, this thesis highlighted that almost
the entire decline in PA participation between 11y and 15y occurred in the domain of nonorganised PA. This finding was triangulated against national cross-sectional statistics which
provided a similar trend (Australian Bureau of Statistics 2013a). This indicates that
opportunities may exist to explore non-organised PA as a potential target for intervention during
the transition to adolescence.
Other evidence provided in this thesis may help to guide potential intervention
strategies. For example, information about the longitudinal predictors of non-organised PA may
be used to target those who are less likely to participate in this domain of PA during early
adolescence (e.g. females, those with fewer siblings, those with greater computer use, and those
from a low socioeconomic background). Potential intervention strategies may also be guided by
insight provided about alternative activities that may compete with non-organised PA among
certain segments of youth (e.g. social media and internet use). Qualitative information about the
reasons for the decline in non-organised PA may also be helpful to shape the direction of
specific intervention strategies.
This thesis may provide a starting point for potential formative research to support the
development of possible intervention strategies. Particular approaches that may be explored
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include ‘reframing’ types of childhood active play to be more acceptable to adolescent
audiences, as well as the development of ‘identity congruent’ types of PA to suit the interests of
particular segments of youth. Such strategies may be implemented via an adapted version of
Högman and Augustsson’s ‘organised spontaneous sport’ model (2017), or in a style similar to
after-school intramural activities. Approaches such as these may be explored with a view to
supporting youth to connect with intrinsically enjoyable and motivating types of PA.
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Appendices
Appendix A: Example search strategy for systematic literature review
#

Search Terms a

Date Limit

1

"Longitudinal stud*" OR "longitudinal research" OR "longitudinal

1997-2018

change*" OR "follow-up stud*" OR "longitudinal design" OR
"cohort analysis" OR "cohort stud*" OR "prospective stud*"
2

Track* OR trajector* OR change* OR vary OR variation

1997-2018

3

“Physical activit*" OR sport* OR "active play" OR "play and

1997-2018

playthings" OR "active transport" OR “active commut*” OR
“active travel” OR “active chore*” OR “active work” OR (leisure
W/2 activit*) OR exercise
4

Adolescen* OR teen* OR youth OR child* OR "pre-adolescen*"

5

1 AND 2 AND 3 AND 4

a. Search terms designed for use in SCOPUS.
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1997-2018

Appendix B: Definitions used to classify PA domains in systematic
review
PA domain

Definition

Organised PA

“Usually involving training and competition, having a coach, and
being organised by adults” (Hardy et al. 2010, p. 23) and “typically
requiring specialised equipment, a special play area and time”
(Department of Health 2008, p. 56).

Non-organised (or

“Freely chosen, unstructured ... flexible and spontaneous, minimally

unstructured) PA

constrained by adult demands, there is no end product, no time
pressures, no fear of failure and the activity appears to occur for its
own sake” (Active Healthy Kids Australia 2016, p. 25).

Active transport

“Any form of human powered transportation (e.g. locomotion on
foot, or bicycle, skateboard, etc)” (Active Healthy Kids Australia
2016, p. 22). It should be noted that these activities were categorised
as non-organised PA if they occurred for their own sake.

Active chores (or

“Household chores, including vacuuming/mopping, digging/planting,

work)

lifting/carrying” and “job tasks, including walking, lifting/carrying,
and other activities of similar exertion” (Brownson et al. 2000, p.
265).
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Appendix C: Procedures used to manually calculate statistical
significance in systematic review
This appendix provides further information about how the manual calculation of statistical
significance was conducted in the current systematic review.

1. McNemar’s Test for paired nominal data
Some studies in the systematic review reported the proportion of respondents who ‘stopped’ and
‘started’ participating in a domain of PA between waves but not the statistical significance
(Brooke et al. 2014; Coombes et al. 2014; Murtagh et al. 2016; Panter et al. 2013; Raustorp et
al. 2007; Veitch et al. 2017; Vella et al. 2015). Those who ‘stopped’ had participated in the
domain of PA at Time 1 (T1) but not at Time 2 (T2), and vice versa for those who ‘started’. The
statistical significance of these changes was determined using a test statistic (McNemar’s test)
and a chi square distribution table. The following formula was used to calculate the McNemar
test statistic (Bland 2015, pp. 204-5):

(|fyn – fny| – c)2
χ2 =
fyn + fny

Where:
fyn = the proportion of the sample who participated at T1 but not at T2
fny = the proportion of the sample who participated at T2 but not at T1
c = continuity correction (equal to 1 if fyn + fny <20, otherwise equal to zero (Bland 2015))

2. Confidence intervals for paired proportions
Some studies in the systematic review reported the proportion of respondents who had
participated in a domain of PA at T1 and T2 but not the statistical significance of the change
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(Chillón et al. 2012; Eime et al. 2016; Falconer et al. 2015; Koning et al. 2016; Lee 2014;
Martinez-Gomez et al. 2014). The statistical significance of these changes was determined using
confidence intervals for paired proportions as detailed by Twisk (2003, pp. 120-1):
√(n(t2) + n(t1))
SE (p(t2) – p(t1)) =
N

Where:
SE = standard error
p(t1) = proportion of respondents who participated in the domain of PA at T1
p (t2) = proportion of respondents who participated in the domain of PA at T2
n(t1) = number of respondents who participated in the domain of PA at T1
n (t2) = number of respondents who participated in the domain of PA at T2
N = total number of respondents
The 95% confidence interval for the difference in proportions was calculated as (p(t2) – p(t1)) ±
1.96*SE (Twisk 2003).

3. T-tests for mean differences
Two studies in the systematic review reported mean participation data for two time points but
did not report the significance of the change (Carver et al. 2011; De Meester et al. 2014).
Independent samples t-tests were used to determine the statistical significance of these changes
because paired data were not available. An online t-test calculator was used to determine
statistical significance based on mean values, standard deviations and sample sizes at both time
points (http://www.usablestats.com/calcs/2samplet&summary=1).
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Appendix D: Summary of articles in systematic review that measured change in active transport during
childhood (5-12y) and/or adolescence (13-18y)
1st author (year),
place, study name

Carver et al.
(2009), Australia,
'Children Living in
Active
Neighbourhoods'

Definition
of PA
domain

Analytic
sample
(proportion
of sample at
first wave in
scope)

Age at
first
wave in
scope

Age in
intervening
waves

Age at
last
wave in
scope

Active
transport:
walking/
cycling

C1: 170
(89%)

C1: 9.0
(8-9)

C2: 276
(66%)

C2: 14.5
(13-15)

Active
transport:
walking/
cycling

C1: 134
(45%)

C1: n.r.
(5-6)

C1: 9.0b
(8-9)

C1: n.r.
(10-11)

C2: 201
(22%)

C2: n.r.
(10-12)

C2: 14.5b
(13-15)

C2: n.r.
(15-17)

Mean years (age range), if
provided
-

C1: n.r.
(10-11)

Measurement
tool, recall
period/time
increment,
[frequency,
duration,
intensity
measured?]
Questionnaire,
per week,
[frequency]

Risk of
bias
rating,
number of
items rated
‘low’ ROB

Main results

3/3

Questionnaire,
per week,
[frequency]

2/3

The number of walking/cycling
trips per week increased between
8-9y and 10-11y for boys
(+1.8**) and girls (+1.1***).
However there was no significant
change in frequency between 1315y and 15-17y.
No significant change between 56y and 8-9y for boys and girls.
The number of active trips/week
increased from 10.3 to 12.8 for
boys between 10-12y and 1315y*. Change not significant for
girls.

C2: n.r.
(15-17)

a

Carver et al.
(2011), Australia,
'Children Living in
Active
Neighbourhoods'
a
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Chillón et al.
(2012), Sweden,
'European Youth
Heart Study'
(Swedish arm)
Coombes et al.
(2014), UK,
'Personal and
Environmental
Associations with
Children's Health'
(PEACH)

Walking/
cycling to
school

262 (29%)

9.5
(9-10)

-

15.5
(15-16)

Questionnaire,
none, [NA]

0/3

Walking/
cycling
to/from
school

518 (40%)

10.9
(10–11)

-

12.0
(11–12)

Questionnaire,
none, [NA]

0/3

De Meester et al.
(2014), Belgium,
[NA]

Walking/
cycling
to/from
school

420 (57%)

11.1
(10–13)

-

13.4
(n.r.)

Flemish PA
Questionnaire,
per day,
[duration]

2/3

Dearth-Wesley et
al. (2012), China,
'China Health and
Nutrition Survey'

Biking or
walking to
school

353 (41%)
[cohorts
combined]

C1: 7.4
(6–8)

-

C1: n.r.
(10–12)

Questionnaire,
weekly,
[duration +
intensity]

1/3

C2: 8.4
(7–9)

C2: n.r.
(9–11)
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Active commuting remained the
same at baseline & follow-up
(66%).
McNemar’s test not significant for
boys or girls.
6.2% were passive at 11y and
active at 12y,
27.6% were active at 11y and
passive at 12y,
54.6% were active at both 11y
and 12y; and
11.6% were passive at both 11y
and 12y.
McNemar’s test was
significant***
Significant declines among boys
and girls***
Increase from 11.35 min/day at
11y to 17.23 min/day at 13y***
Boys from 12.62 to 18.79
min/day***
Girls from 10.08 to 15.65
min/day***
C1: over 4 years, active
commuting significantly increased
from 6.5 to 8.6 MET-hrs/wk*.
C2: over 2 years, active
commuting significantly increased

from 8.2 to 8.5 MET-hrs/wk*.
Falconer et al.
(2015), UK, 'Avon
Longitudinal Study
of Parents and
Children'

Walking or
cycling to
school

2,026 (27%)c

12 (n.r.)

14 (n.r.)

16 (n.r.)

Questionnaire,
per week,
[frequency]

0/3

Gubbels et al.
(2016), The
Netherlands, [NA]

Walking/
cycling for
transport

401 (40%)

n.r.
(12–15)d

-

13.2
(n.r.)

0/3

Martinez-Gomez et
al. (2014), Brazil,
'1993 Pelotas Birth
Cohort'

Walking or
biking
to/from
school

3,469 (78%)e

11 (n.r.)

-

15 (n.r.)

SQUASH
questionnaire,
week,
[duration]
Questionnaire,
usual week,
[duration]

1/3

Active commuters - boys: 88.3%
(11y) to 78.4% (15y)***
Girls: 86.1% (11y) to 69.4%
(15y)***

Murtagh et al.
(2016), Rep. of
Ireland, 'Growing
Up in Ireland'

Walking or
cycling to
school

7,418 (86%)

9.0 (n.r.)

-

13.0
(n.r.)

Interview,
none, [NA]

2/3

Active travel to school between
9y and 13y: 9% started, 14%
stopped, 11% were active at both
ages and 66% were not active at
either age.
McNemar’s test was
significant***
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Overall active transport (walking
+ cycling): no significant change
from 12y (52.9%) to 14y (55.2%)
before decline at 16y (45.1%)***
Boys: from 56.2% at 12y to
59.3% at 14y (not sig.) and then
48.8% at 16y***
Girls: from 50.5% at 12y to
52.3% at 14y (not sig.) and then
42.5% at 16y***
No significant change in walking
(-3.1 min/wk) and cycling (+2.6
min/wk).

Panter et al.
(2013), UK, 'Sport,
Physical activity
& Eating behav.:
Environmental
determinants
in Young people'
(SPEEDY)

Walking or
biking to
school

912 (44%)

10.2
(9-10)

-

n.r.
(10-11)f

Questionnaire,
none, [NA]

1/3

Walking/biking to school between
10y and 11y: 9.5% started, 5.8%
stopped, 44.6% continued
walking/biking and 40.1% never
walked/biked.
McNemar’s test was significant**

Swaminathan et al.
(2011), India, [NA]

Physical
activity travel to
school

203 (79%)

n.r.
(8–15)

-

Questionnaire,
past month,
[frequency,
duration,
intensity]

1/3

Active travel to school remained
at 60 MET-min/day between
waves.

Veitch et al.
(2017), Australia,
‘Resilience for
Eating and Activity
Despite
Inequality'
(READI)

Walk, bike,
skateboard,
scooter or
rollerblade
to/from
school

179 (57.6%)

12.0
(n.r.)

-

n.r.
(9–15)
(no
follow
up
>15y)
14.0f
(n.r.)

Questionnaire,
week,
[frequency]

1/3

Participants coded as active if
they completed at least 3 active
trips per week (either to or from
school).
No significant difference between
12y (43.5%) and 14y
(43.5%).

C = cohort; n.r. = not reported
Statistical significance: * = p<0.05; ** = p<0.01; *** = p<0.001
a. Carver et al (2009) and Carver et al (2011) share two time points. The results for the last time-point in Carver et al (2011) are not presented here to avoid
overlap.
b. Mean ages were not reported but are assumed to be the same as Carver et al (2009)
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c. Denominator is based on response to carer completed questionnaire at 140 months (Boyd et al. 2013)
d. The mean age at first wave in scope was not reported. However the reviewers agreed it would be 12y based on the interval between waves.
e. Analytic sample based on those who responded at 11y, 15y and 18y, however the measurement at 18y has been excluded because it also included travel to
non-school locations (not consistent with other waves).
f. Assumed based on the interval between waves.
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Appendix E: Risk of Bias scores for studies in systematic review
that measured change in at least one domain or type of PA during
childhood (5-12y) and/or adolescence (13-18y)
Study (Lead author, year)

Active transport
Carver et al. (2011)
Carver et al. (2009)
Chillón et al. (2012)
Coombes et al. (2014)
De Meester et al. (2014)
Dearth-Wesley et al. (2012)
Falconer et al. (2015)
Gubbels et al. (2016)
Martinez-Gomez et al. (2014)
Murtagh et al. (2016)
Panter et al. (2013)
Swaminathan et al. (2011)
Veitch et al. (2017)
Organised PA
Dearth-Wesley et al. (2012)
Eime et al. (2016)
Koning et al. (2016)
Moraeus et al. (2015)
Rääsk et al. (2015)
Rauner et al. (2015)
Raustorp et al. (2007)
van Mechelen et al. (2000)
Vella et al. (2015)
Non-organised PA
Eime et al. (2016)
Rauner et al. (2015)
van Mechelen et al. (2000)
Active chores
Brooke et al. (2014)
Lee (2014)

Representative
Sampling
(Yes/No)

Adequate
completeness of
data (Yes/No)

Valid and/or
reliable measure
(Yes/No)

1
1
0
0
1
1
0
0
0
1
1
0
0

0
1
0
0
0
0
0
0
1
1
0
1
0

1
1
0
0
1
0
0
0
0
0
0
0
1

1
1
1
1
0
1
0
0
1

0
0
0
0
0
0
0
1
1

0
0
0
0
0
1
0
0
0

1
1
0

0
0
1

0
1
0

1
1

0
0

0
0

1= present; 0 = absent/unclear
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Appendix F: Summary of articles in systematic review that measured change in organised PA during childhood
(5-12y) and/or adolescence (13-18y)
1st author
(year), place,
study name

Dearth-Wesley
et al. (2012),
China, 'China
Health and
Nutrition
Survey'

Definition of
PA domain

Leisure-time
sports:
gymnastics,
track & field/
swimming, ball
sports (e.g.
tennis,
basketball,
soccer), and
other sports (e.g.
martial arts, tai
chi)a

Analytic
sample
(proportion
of sample at
first wave in
scope)

353 (41%)
[cohorts
combined]

Age at
first
wave in
scope

Age in
intervening
waves

Age at
last wave
in scope

Mean years (age range), if provided

C1: 7.4
(6–8)

-

C1: n.r.
(10–12)

C2: 8.4
(7–9)

C2: n.r.
(9–11)
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Measurement
tool, recall
period/time
increment,
[frequency,
duration,
intensity
measured?]
Questionnaire,
weekly, [duration
+ intensity]

Risk of
bias
rating,
number of
items rated
‘low’ ROB

Main results

1/3

C1: over 4 years, sports
participation increased
from 7.5 to 21.1 METhrs/week**
C2: over 2 years, sports
participation increased
from 10.6 to 14.7 METhrs/week*

Eime et al.
(2016),
Australia, [NA]

Sports club
membership;
organised noncompetitive
activities
(aerobics,
weights, circuit)

Girls only
C1: 328
(75%)
C2: 112
(26%)

C1: 12.2
(11-13)

C1: 13.2b
(12-14)b

C1: 14.2b
(13-15)b

C2: 16.2
(16-18)

C2: 17.2b
(17-19)b

C2: 18.2b
(18-20)b

Questionnaire, 12
months, [NA]

1/3

Combined:
440 (60%)

Koning et al.
(2016), The
Netherlands,
The ChecKid
Study

Organised sports

613 (38%)

5.1
(4-7)

-

11.1
(10-13)

Questionnaire,
weekly, duration

1/3

Moraeus et al.
(2015), Sweden,
World Health
Org. Childhood
Obesity
Surveillance
Initiative
(COSI)

Participation in
sports club
(days per week)c

555 (67%)

8.4
(7–9)

-

n.r.
(9–11)

Questionnaire,
weekly, frequency

1/3
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Between 12–14 y: no sig.
change in sports club
membership (-3%);
increase in organised noncompetitive activities
+17%***
Between 16–18 y: decline
in sports club membership
(-16%)** and no sig.
change in organised noncompetitive activities
(+8%).
The proportion of
participants who spent at
least 1 hour in organised
sports per week: increased
from 33% to 83%***
The proportion of
participants who took part
in sports at least 3 days
per week increased from
17% to 37%***

Rääsk et al.
(2015), Estonia,
'Risk factors for
metabolic
syndrome in
boys during
pubertal
development'
Rauner et al.
(2015),
Germany,
'Motorik-Modul
Longitudinal
Study'
Raustorp et al.
(2007), Sweden,
[NA]

van Mechelen
et al. (2000),
Netherlands,
'Amsterdam
Longitudinal
Growth and
Health Study'

Sports club
(minutes per
week), child
self-report

Boys only
156 (50%)d

11.5
(n.r.)

12.6
(n.r.)

13.9
(n.r.)

Questionnaire,
past week,
[duration]

0/3

Average sports club
participation min/week:
223 min at 11.5y;
233 min at 12.6y;
269 min at 13.9y.
No significant changes.

Sports club
physical activity

117 (12%)
(young
cohort)e

n.r.
(11–13)
(young
cohort)

-

n.r.
(17–19)
(young
cohort)

MoMo PA
Questionnaire, per
week, [frequency
+ duration]

2/3

Sports club PA
participation increased by
21.8 min/week from 1113y to 17-19y***

Sports club
training

97 (30%)

12.7
(12-14)

15.7
(15-17)

17.7
(17-19)b

Questionnaire,
four consecutive
weekdays, [NA]

0/3

Organised sports
activities

233 (76%)f

W1:13
(n.r.)

W2:14
(n.r.)

W4: 16
(n.r.)

Semi-structured
interview, past 3
months, [duration
+ intensity]

1/3

80% were participating at
12.7y, 59% were still
participating at 15.7y and
39% were still
participating at 17.7y.
McNemar’s test was
significant***
Participation remained
relatively stable in early
to mid-adolescence (1316y) for both sexes.g

W3: 15
(n.r.)
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Org.
4,042 (93%)h
8
extracurricular
(8-9)b
team (e.g.
football, cricket,
netball) or
individual sports
(e.g. tennis,
karate or
gymnastics)
excluding
school sports
C = cohort; W = wave; n.r. = not reported
Statistical significance: * = p<0.05; ** = p<0.01; *** = p<0.001
Vella et al.
(2015),
Australia,
'Longitudinal
Study of
Australian
Children'

-

10
(10-11)b

Questionnaire, at
least once per
week for three
months or more
within past 12
months,
[frequency]

2/3

Organised sports
participation between 8y
and 10y: 10% started,
10% stopped, 69%
continued participating
and 12% never
participated.
McNemar’s test not
significant.

a. Categorised as 'organised' PA by agreement between reviewers based on the example activities given
b. Assumed based on the interval between waves
c. Based on definition in earlier study by Moraeus et al. (2012)
d. Baseline sample size not stated – assumed to be 314 based on Lätt et al. (2013) cited by Rääsk et al. (2015)
e. Young cohort was the only cohort in scope. Baseline sample size for 11-13 year-olds taken from Woll et al. (2011)
f. Analytic sample is based on those who responded to the four waves listed here, plus two more waves at ages 21 and 27 (out of scope)
g. Numeric values were not stated in the article text. The reviewers agreed on trends based on visual inspection of Figure 4 in van Mechelen et al. (2000)
h. Sample size for first wave in scope was not stated. The Australian Institute of Family Studies states that it was 4,332 (Australian Institute of Family Studies
2015, p. 56)
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Appendix G: Summary of articles in systematic review that measured change in non-organised PA during
childhood (5-12y) and/or adolescence (13-18y)
1st author
(year), place,
study name

Eime et al.
(2016),
Australia, [NA]

Rauner et al.
(2015),
Germany,
'Motorik-Modul
Longitudinal
Study'

Definition of
PA domain

"Non-organised
PA e.g. walking,
jogging,
rollerblading"

Sports outside
of sports clubsb

Analytic
sample
(proportion
of sample at
first wave in
scope)

Girls only
C1: 328
(75%)
C2: 112
(26%)
Combined:
440 (60%)
117 (12%)
(young
cohort)c

Age at
first
wave in
scope

Age in
intervening
waves

Age at
last wave
in scope

Mean years (age range), if provided

C1: 12.2
(11-13)

C1: 13.2a
(12-14)a

C1: 14.2a
(13-15)a

C2: 16.2
(16-18)

C2: 17.2a
(17-19)a

C2: 18.2a
(18-20)a

n.r.
(11–13)
(young
cohort)

-

n.r.
(17–19)
(young
cohort)
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Measurement
tool, recall
period/time
increment,
[frequency,
duration,
intensity
measured?]
Questionnaire; 12
months; [NA]

Risk of
bias
rating,
number of
items rated
‘low’ ROB

Main results

1/3

Girls:
Between 12–14y: +4%
(no sig. change)
Between 16–18y: ±0%
(no sig. change)

MoMo PA
Questionnaire, per
week, [frequency]

2/3

Decreased by 27.9
min/week from 11-13y to
17-19y*

van Mechelen
et al. (2000),
Netherlands,
'Amsterdam
Longitudinal
Growth and
Health Study'

Non-organised
sport

181 (59%)d

W1:13
(n.r.)

W2:14
(n.r.)
W3: 15
(n.r.)

W4: 16
(n.r.)

Semi-structured
interview, past 3
months, [duration
+ intensity]

1/3

Decline in midadolescence (13-16y) for
males and no change for
females.e

C = cohort; W = wave; n.r. = not reported
Statistical significance: * = p<0.05; ** = p<0.01; *** = p<0.001
a. Assumed based on the interval between waves
b. Source: Woll et al. (2011, p. 1133)
c. Young cohort was the only cohort in scope. Baseline sample size for 11-13 year-olds taken from Woll et al. (2011)
d. Analytic sample based on those who responded to the four waves listed here, plus two more waves at ages 21 and 27 (out of scope)
e. Numeric values were not stated in the article text. The reviewers agreed on trends based on visual inspection of Figure 4 in van Mechelen et al. (2000)
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Appendix H: Summary of articles in systematic review that measured change in active chores during childhood
(5-12y) and/or adolescence (13-18y)
1st author
(year), place,
study name

Brooke et al.
(2014), UK,
'SPEEDY’

Definition of
PA domain

Household
chores
[PA]

Analytic
sample
(proportion
of sample at
first wave in
scope)
319 (15%)

Age at
first
wave in
scope

Age in
intervening
waves

Age at
last wave
in scope

Mean years (age range), if provided
10.2
14.2
(9–10)
(13–14)a

Measurement tool,
recall period/time
increment,
[frequency,
duration, intensity
measured?]
Youth PA
Questionnaire, past
7 days, [frequency]

Risk of
bias
rating,
number of
items rated
‘low’ ROB
1/3

Main results

Household chores had the
lowest dropout out of all 23
activities analysed (approx.
10%). About 30% of
participants took up
household chores and around
60% continuedb.
McNemar’s test was
significant***
Stable participation: 40.0%
(W1) and 38.6% of sample
(W2) (change not significant)

Lee (2014),
Work around 3,717 (57%)c
15.1
n.r.
Questionnaire, past
1/3
a
USA, 'Add
the house
(11-21)
(12-23)
week, [frequency +
Health'
[PA]
duration]
W = wave; n.r. = not reported Statistical significance: * = p<0.05; ** = p<0.01; *** = p<0.001
a. Assumed based on the interval between waves.
b. Numeric values were not stated in the article text. The reviewers agreed on trends based on visual inspection of Figure 1 in Brooke et al. (2014)
c. Analytic sample based on Wave 1-3 respondents. Wave 3 is excluded from this review as it was collected in adulthood. Denominator for percentage was
based on the public-use dataset at baseline (n=6,504) as per Lee (2014) and the UNC Carolina Population Center (2017).
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Appendix I: Discussion of systematic review results by age span
and possible influences between PA domains
The results of this review have generally been presented by PA domain. However, results may
also be presented by age span to highlight changes during each developmental stage. Some
results should be interpreted with caution, however, particularly due to the small number of
studies of non-organised PA and active chores.


Within childhood, the majority of studies reported an increase in active transport
(n=3/6) (Carver et al. 2009; Dearth-Wesley et al. 2012; Panter et al. 2013) and an
increase in organised PA (n=3/5) (Dearth-Wesley et al. 2012; Koning et al. 2016;
Moraeus et al. 2015). No studies reported data for non-organised PA or active
chores/work participation within childhood.



Mixed findings were evident between childhood and adolescence: participation in active
chores increased (n=1) (Brooke et al. 2014); organised PA increased (n=2/4) (Eime et
al. 2016; Rauner et al. 2015) or remained stable (n=2/4) (Eime et al. 2016; Rääsk et al.
2015); active transport mostly remained stable (n=5/8) (Carver et al. 2011; Chillón et al.
2012; Falconer et al. 2015; Gubbels et al. 2016; Veitch et al. 2017); and non-organised
PA remained stable (n=1/2) (Eime et al. 2016) or declined (n=1/2) (Rauner et al. 2015).



Within adolescence, stable or declining trends were reported in all PA domains. Active
chores remained stable (n=1/1) (Lee 2014); active transport remained stable (n=1/2)
(Carver et al. 2009) or declined (n=1/2) (Falconer et al. 2015); organised PA remained
stable (n=2/3) (Eime et al. 2016; van Mechelen et al. 2000) or declined (n=2/3) (Eime et
al. 2016; Raustorp et al. 2007); and non-organised PA remained stable among girls
(n=2/2) (Eime et al. 2016; van Mechelen et al. 2000) but declined among boys (n=1/1)
(van Mechelen et al. 2000).

Across these age bands, it generally appeared that changes in one PA domain did not occur at
the expense of another domain. Most studies that simultaneously measured two domains of PA
in the same sample (n=3/4) reported changes in one domain without an opposite change in
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another domain (Dearth-Wesley et al. 2012; Eime et al. 2016; van Mechelen et al. 2000).
However, studies with the simultaneous measurement of all four domains within the same
sample would be most helpful in determining whether changes in one domain might be related
to changes in other domains.
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Appendix L: Concordance between domains of physical activity in this thesis and time-use diary activity codes
in the Longitudinal Study of Australian Children
Time-use diary activities (codes)
Domain*

Wave 4

Wave 5

Wave 6

(Corey et al. 2014)

(Corey et al. 2014)

(Australian Institute of Family Studies 2016)

Organised team sports and
training: football, basketball,
netball, cricket (41)
Organised
physical
activity

Nonorganised
physical
activity

Organised individual sports and
training: swimming, dancing,
tennis, martial arts, gymnastics
(42)

Ball games, riding
bike/scooter/skateboard,
skipping, running, chasing (43)

Organised team sports and training
(40)

Archery/shooting sports (401), athletics/gymnastics (402),
Fitness / gym / exercise (403), Ball Sports (404), Martial
arts / Dancing (405), Motor Sports / Roller Sports /
Cycling (406), Water/Ice/Snow Sports (407), Organised
team sports and training other (408)

Organised individual sport and
training (41)

Archery / Shooting sports (individual) (411), Athletics /
Gymnastics (individual) (412), Fitness / Gym / Exercise
(individual) (413), Martial arts / Dancing (individual)
(414), Motor Sports / Roller Sports / Cycling (individual)
(415). Ball Sports (individual) (416), Water/Ice/Snow
Sports (individual) (417), Organised individual sport and
training other (418)

Unstructured active play (42)

Archery / Shooting sports (unstructured) (421), Athletics /
Gymnastics (unstructured) (422), Fitness / Gym / Exercise
(unstructured) (423), Ball Sports (unstructured) (424),
Martial arts / Dancing (unstructured) (425), Motor Sports /
Roller Sports / Cycling (unstructured) (426), Water / Ice /
Snow Sports (unstructured) (427), Unstructured active
play Other (428)
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Time-use diary activities (codes)
Domain

Active
transport

Active
chores and
work

Wave 4

Wave 5

Wave 6

(Corey et al. 2014)

(Corey et al. 2014)

(Australian Institute of Family Studies 2016)

Travel by bike / scooter /
skateboard (92)

[Travel] by bike, scooter, skateboard
etc. (91)

[Travel] by bike, scooter, skateboard etc. (911)

Travel by foot (91)

[Travel] by foot (90)

Travel by foot (901)

Making own bed, tidying own
room (31); cleaning, tidying
other rooms (34); gardening,
putting out bin (37); taking pet
for a walk (44)

Pamphlet delivering (01),
Umpiring/refereeing (02), Car
washing (03), Gardening / lawn
mowing [paid] (04),
cleaning/tidying (30), Gardening /
lawn mowing [chore] (34), walking
pets / playing with pets (43)

Labourers and related workers (031), Gardening / lawn
mowing [paid] (041), Apprenticeships/tradespersons
(061), Umpiring [paid] (082), Car washing [paid] (083),
Cleaning/tidying (301), Gardening (maintenance chores)
(341), Cleaning grounds/garage/shed/outside of house
(chores) (342), Pool care (chores) (344), Design/Home
Improvement (362), walking pets/playing with pets (430)

*Overall physical activity was aggregated from the domains listed here

Back to Section 5.2.3
(Physical activity measures)

Back to Section 9.5.2
(Limitations of quantitative phase)
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Appendix M: All potential moderators of wave on participation in domains of physical activity, weighted LSAC
data
Potential moderator
Organised PA
(reference group)
Interactions with wave – adjusted models a
Sex (Girls)b
β (95% CI)
-29.34 (-71.81,
13.13)
p value
0.176
LOTE
β (95% CI)
-54.92 (-118.84,
(Languages other
8.99)
c
than English)
p value
0.092
Indigenous status β (95% CI)
73.33 (-62.15,
d
(Indigenous)
208.81)
p value
0.289
Remoteness
β (95% CI)
-34.29 (-78.53,
(Regional or
9.96)
e
remote)
p value
0.129
SEP (z-scored)
β (95% CI) 7.60 (-15.01, 30.22)
p value
0.510
2
Interactions with wave – adjusted models a
Sex (Girls)b
β (95% CI)
2.76 (-1.51, 7.03)
p value
0.205
LOTE
β (95% CI) 5.38 (-1.05, 11.81)
(Languages other
p value
0.101
c
than English)

Non-organised PA

-53.39 (-108.75, 1.96)

Active transport

Active chores/work

Overall PA

8.75 (-24.58, 42.08)

0.059
-85.51 (-171.26, 0.24)

-45.20 (-72.91, 17.50)
0.001
-33.76 (-78.13, 10.62)

0.051
-30.21 (-262.05,
201.63)
0.798
5.35 (-55.97, 66.68)

0.136
16.77 (-106.01,
139.55)
0.789
21.94 (-7.18, 51.06)

0.908
-37.90 (-173.82,
98.02)
0.585
8.05 (-28.54, 44.65)

-118.12 (-194.86, 41.39)
0.003
-175.43 (-303.36, 47.50)
0.007
16.82 (-309.89,
343.54)
0.920
1.10 (-81.32, 83.51)

0.864
-10.73 (-42.26, 20.80)
0.505

0.140
-6.89 (-22.09, 8.31)
0.375

0.666
-13.24 (-30.52, 4.04)
0.133

0.979
-23.67 (-65.38, 18.03)
0.266

5.55 (0.07, 11.03)
0.047
8.55 (0.12, 16.98)
0.047

4.40 (1.61, 7.18)
0.002 b
3.46 (-0.96, 7.87)
0.125

-0.86 (-4.23, 2.50)
0.615
-0.42 (-6.91, 6.07)
0.898

11.74 (4.07, 19.41)
0.003
17.47 (4.79, 30.16)
0.007
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0.607
3.78 (-60.56, 68.11)

Indigenous status
(Indigenous)d
Remoteness
(Regional or
remote)e
SEP (z-scored)

β (95% CI)
p value
β (95% CI)
p value

-7.54 (-21.07, 5.98)
0.274
3.47 (-0.98, 7.93)
0.127

2.22 (-21.09, 25.53)
0.852
-0.69 (-6.77, 5.39)
0.825

-2.36 (-14.49, 9.78)
0.703
-2.46 (-5.37, 0.45)
0.097

4.02 (-9.74, 17.77)
0.567
-0.82 (-4.52, 2.88)
0.663

-3.15 (-36.00, 29.71)
0.851
-0.50 (-8.73, 7.74)
0.906

β (95% CI)
-0.85 (-3.12, 1.43)
1.24 (-1.89, 4.37)
0.74 (-0.80, 2.27)
1.27 (-0.47, 3.02)
2.44 (-1.72, 6.61)
p value
0.464
0.438
0.346
0.151
0.250
PA = physical activity; LSAC = Longitudinal Study of Australian Children; β = model coefficient; CI = confidence interval; LOTE = whether languages other
than English spoken at home; SEP = socioeconomic position of family
a. Multilevel mixed models: PA domains by sex (n=4,108), LOTE (n=4,085), Indigenous status (n=4,106), Remoteness (n=4,100) and SEP (4,091);
adjusted for season and school attendance on the day of TUD completion
b. Reference category: boys
c. Reference category: English spoken at home
d. Reference category: non-Indigenous
e. Reference category: major city

Back to Section 5.3.2
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Appendix N: Potential predictors of participation in non-organised PA
measured at 11y, grouped within social ecological domains
Potential predictor

Description

(respondent)
Demographic / physical characteristics of child
Sex (P1)

Determined at Wave 1 [Male/Female]

BMI z-score (DO)

Standardised variable provided by LSAC
[Weight(kg)/Height(m)2]

Pubertal development

5 item scale: parent’s assessment of the child’s development of

scale (P1)

body hair, growth spurt, skin changes, facial hair (males), voice
changes (males), breast changes (females) and menarche (females)
[1. (Has not yet started) to 4. (Seems complete); menarche:
Yes/No]. α = 0.77, validated against physician’s assessment
(Petersen et al. 1988)

Gross motor coordination

3 item scale: parent’s assessment of how well the child can run,

(P1)

jump and balance compared to their peers [1. (Not as well as other
children) / 2. (About the same) / 3. (Better than other children)]

Physical health-related

8 item scale: frequency in the last month that the child had

quality of life (P1)

problems with physical tasks [1. (Never) to 5. (Almost Always)];
α = 0.88, validated against days of school missed due to health
and other variables (Varni et al. 2001).
Recoded to categorical variable to satisfy log linearity assumption
in binary logistic regression models [recoded to: score of 75-100
(Never/Almost Never) / score of 0-74 (Sometimes/Often/Almost
Always)] (Child Outcomes Research Consortium 2017)

Perceived global health

Child’s overall health [1. (Excellent) / 2. (Very Good) / 3. (Good)
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of child (P1)

/ 4. (Fair) / 5. (Poor); recoded to 0. (Poor/Fair) / 1. (Good/Very
Good/Excellent)]

Indigenous status (P1)

Whether the child is of Aboriginal or Torres Strait Islander origin
[Yes/No]

Linguistic diversity (P1)

Whether the child speaks a language other than English at home
[Yes/no]

Psychosocial characteristics of child
Internalising symptoms

Sum of emotional problems scale and peer problems scale from

(P1)

the SDQ [1. (Not True) / 2. (Somewhat true) / 3. (Certainly True)].
α: emotional symptoms (0.67), peer problems (0.57) (Goodman
2001)

Externalising symptoms

Sum of hyperactivity scale and conduct problems scale from the

(P1)

SDQ [1. (Not True) / 2. (Somewhat true) / 3. (Certainly True)]. α:
hyperactivity (0.77), conduct problems (0.63) (Goodman 2001)

Introversion

4 item scale measuring willingness to approach new people from

(temperament) (P1)

the SATI [1. (Never) to 5. (Always)]. α = 0.88, test-retest
reliability = 0.82 (McClowry 1995)

Persistence

4 item scale measuring completion of tasks from the SATI [1.

(temperament) (P1)

(Never) to 5. (Always)]. α = 0.90, test-retest reliability = 0.81
(McClowry 1995)

Reactivity (temperament)

4 item scale measuring negative affect from the SATI [1. (Never)

(P1)

to 5. (Always)]. α = 0.90, test-retest reliability = 0.89 (McClowry
1995)

Global self-concept (SC)

8 item scale measuring general self-concept and self-esteem from
the MSDQ [1. (False) to 5. (True)]. (α):0.81, validated against
perceived competence (Marsh, cited by Boes and colleagues
(2007))
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Anxiety/depression (P1)

Whether the child has an ongoing anxiety or depression disorder
[Yes/No]

Non-verbal intelligence

The number of correct items in the WISC-IV matrix reasoning

(SC)

task. Test re-test correlation at 2.8 years follow-up = 0.629
(Watkins & Smith 2013)

Religious attendance (P1)

Whether the child attended a religious service with family in the
last month [Yes/No]

PA enjoyment (SC)

Child’s enjoyment of PA [1. (A lot) / 2. (Quite a lot) / 3. (Not very
much) / 4. (Not at all); recoded to 0. (Not at all/Not very much) /
1. (Quite a lot/A lot)]

Behavioural characteristics of child
Child usually sleeps for

Duration derived from usual sleep and wake times. Children met

recommended duration

the recommendation if the duration was 9-11 hours as per

(SC)

Australian recommendations for 6-13 year-olds (Sleep Health
Foundation 2015)

Sport participation (P1)

Whether the child regularly participated in a team or individual
sport, in school or out of school, in the last 12 months [Yes/No]

Playground or pool

Whether the child attended a playground or pool with family in

attendance (P1)

the past month [Yes/No]

Sporting event attendance

Whether the child was a spectator at a sporting event with family

(P1)

in the past month [Yes/No]

Duration of watching

Usual duration that the child watches TV, DVDs and videos at

TV/week (P1)

home per week [hours and minutes on a typical weekday/weekend
day]

Duration of electronic

Usual duration that the child plays with an electronic game system

games use/week (P1)

at home per week [hours and minutes on a typical
weekday/weekend day]
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Duration of computer

Usual duration that the child uses a computer at home per week

use/week (P1)

[hours and minutes on a typical weekday/weekend day]

Serves of fruit and

24-hour food recall: number of serves of fruit and vegetables the

vegetables (SC)

child consumed

Serves of high fat foods

24-hour food recall: number of serves of high fat foods the child

(SC)

consumed (e.g. hamburgers, fries, potato chips, biscuits)

Serves of high sugar

24-hour food recall: number of times the child consumed drinks

drinks (SC)

like cordial or soft drinks

Micro-environmental characteristics
Family characteristics
Number of siblings at

The number of the study child’s siblings living in the household

home (P1)
2 parents in the home

Whether the study child has two parents living in the household

(P1)

[Yes/No]

Socioeconomic position

Scale derived by LSAC based on annual household income,

of family (P1)

educational attainment of parents and occupational status of
parents. Validated against experience of economic hardship, being
a recipient of income support and other variables (Blakemore et
al. 2009)

BMI of P1 (DO)

BMI of the responding parent, derived by LSAC
[Weight(kg)/Height(m)2]

Physical activity of

Number of days per week that the main responding parent

parent (P1)

undertakes at least 30 minutes of MVPA

Parental PA with child

The number of days in the past week that an adult family member

(P1)

played outdoors or exercised with the child [0. (Not in the past
week) / 1. (1-2 days) / 2. (3-5 days); 3. (6-7 days)]

Responsive parenting

2x4 item scales about the child’s perceptions of their mother’s /
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style of mother / father

father’s willingness to talk with them, praise them and do fun

(SC)

things with them [1. (Strongly Disagree) to 5. (Strongly Agree)],
from the PSI-II. α = 0.74 (Darling & Toyokawa 1997)

TV in child’s bedroom

Whether there is a television in the child’s bedroom [Yes/No]

(P1)
School characteristics
Type of school child

Type of school the child attends [1. (Government) / 2. (Catholic) /

attends (P1)

3. (Independent), categories 2-3 merged]

Child’s self-rated school

Whether the child thinks they are good at their school work [1.

performance (SC)

(No) / 2. (Sometimes) / 3. (Yes); recoded to 1. (Yes) / 2.
(Sometimes/No)]

Peer relations
Perceived peer relations

8 item scale measuring the child’s perceptions of getting along

(SC)

with others, from the MSDQ [1. (False) to 5. (True)]. (α):0.85,
validated against peer competence (Marsh, cited by Boes and
colleagues (2007))

Bullying (P1)

Whether the child has been bullied at school in the last year
[Yes/No]

Geographic/neighbourhood characteristics
Urban/rural status (DO)

Derived by LSAC based on home address, based on the ‘Section
of State’ classification within the ASGS (75) [1. (major urban
population) / 2. (other urban population) / 3. (bounded locality) /
4. (rural balance), categories 1-2 and 3-4 merged] (Australian
Bureau of Statistics 2017b)

Neighbourhood

4 items (analysed separately) about whether parents think: (a)

perceptions of parent:

there are good parks, playgrounds and play spaces in the

good parks, safe outside,

neighbourhood; (b) it is safe for children to play outside during
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heavy traffic, neighbours

the day; (c) there is heavy traffic on their street; and (d)

help each other (P1)

neighbours help each other [1. (Strongly Agree) / 2. (Agree) / 3.
(Disagree) / 4. (Strongly Disagree); recoded to 0.
(Disagree/Strongly Disagree) / 1. (Agree/Strongly Agree)]

Other factors
Perceived social support

15 item scale from the MOS, measuring whether the parent has

of P1 (P1)

someone to confide in, have fun with, provide assistance, etc [1.
(None of the time) to 5. (All of the time)]. α = 0.97, significantly
correlated with loneliness, marital functioning, social activity, etc.
(Sherbourne & Stewart 1991)

Acronyms (A-Z): ASGS = Australian Statistical Geography Standard; BMI = Body Mass Index;
DO = direct observation; MOS = Medical Outcomes Study; MSDQ = Marsh Self-Description
Questionnaire; P1 = Primary responding parent; PSI-II = Parenting Style Inventory Version 2;
SATI = School-Age Temperament Inventory; SC = study child; SDQ = Strengths and
Difficulties Questionnaire; WISC-IV = Wechsler Intelligence Scale for Children Version 4

Back to Section 6.2.3
(Methods / Measures)

Back to Section 6.4
(Discussion)
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Appendix O: Full results of preliminary models to test the predictors
of non-organised PA participation and decline between childhood and
adolescence
1. Potential predictors of the likelihood of non-organised PA participation at 13y
(yes/no)
Potential predictor (reference category)

Likelihood of non-organised PA
participation at 13y (yes/no)
n

OR (95% CI)

p-value

Sex (females)

3,645

0.67 (0.62, 0.73)

0.000***

Body Mass Index (z-score)

3,468

0.96 (0.92, 1.00)

0.062

Pubertal development scale

3,547

0.77 (0.70, 0.84)

0.000***

Gross motor coordination

3,568

1.16 (1.06, 1.28)

0.002**

Physical health-related quality of life

3,544

1.00 (1.00, 1.00)

0.281

Perceived health of child (Excellent/Good)

3,569

0.91 (0.68, 1.22)

0.535

Indigenous status (Aboriginal or Torres Strait

3,644

1.23 (0.91, 1.65)

0.180

3,484

0.88 (0.73, 1.06)

0.188

Internalising symptoms

3,546

0.99 (0.97, 1.00)

0.102

Externalising symptoms

3,546

1.01 (1.00, 1.03)

0.089

Introversion (temperament)

3,547

0.95 (0.89, 1.00)

0.055

Persistence (temperament)

3,547

0.95 (0.90, 1.00)

0.056

Reactivity (temperament)

3,547

0.98 (0.93, 1.04)

0.541

Global self-concept

3,534

1.10 (1.02, 1.18)

0.010*

Child has an anxiety/depression disorder (yes)

3,570

0.84 (0.64, 1.10)

0.203

Demographic / physical characteristics of child

Islander)
Linguistic diversity (child speaks language other
than English at home)
Psychosocial characteristics of child
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Non-verbal intelligence

3,535

0.99 (0.98, 1.00)

0.021*

Attended a religious service in past month (yes)

3,570

0.93 (0.84, 1.04)

0.194

PA enjoyment (a lot/quite a lot)

3,534

1.46 (1.19, 1.79)

0.000***

Child usually sleeps for 9-11 hours/night (yes)

3,508

1.09 (0.97, 1.22)

0.154

Regular sports participation in past year (yes)

3,570

1.12 (1.00, 1.26)

0.054

Attended playground/pool in past month (yes)

3,570

1.03 (0.93, 1.14)

0.559

Attended sporting event in past month (yes)

3,570

1.10 (1.00, 1.20)

0.062

Usual duration of TV/week (hrs)

3,569

1.00 (1.00, 1.01)

0.677

Usual duration of electronic games/week (hrs)

3,570

1.00 (0.99, 1.01)

0.482

Usual duration of home computer use/week (hrs)

3,570

0.98 (0.98, 0.99)

0.002**

Number of serves of fruit / vegetables (24hr

3,532

1.02 (0.99, 1.04)

0.141

Number of serves of high fat foods (24hr recall)

3,531

1.03 (1.01, 1.05)

0.013*

Number of serves of high sugar drinks (24hr

3,532

1.02 (0.98, 1.05)

0.368

Number of siblings at home

3,571

1.10 (1.05, 1.15)

0.000***

2 parents in the home (yes)

3,571

1.03 (0.90, 1.18)

0.689

Socioeconomic position (z-score)

3,548

0.96 (0.91, 1.01)

0.103

Body Mass Index of responding parent

3,418

1.01 (1.00, 1.01)

0.128

Physical activity of responding parent (number of

3,543

1.00 (0.98, 1.02)

0.858

Parental PA with child (number of days/wk)

3,570

1.06 (1.01, 1.11)

0.025*

Responsive parenting style of mother

3,506

0.97 (0.91, 1.04)

0.422

Behavioural characteristics

recall)

recall)
Micro-environmental characteristics
Family characteristics

days/wk of at least 30 minutes MVPA)
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Responsive parenting style of father

3,317

0.95 (0.90, 1.01)

0.098

TV in child’s bedroom (yes)

3,570

1.05 (1.06, 1.17)

0.402

Child attends public school (yes)

3,549

1.02 (0.93, 1.11)

0.691

Child thinks they do well at school (yes)

3,499

1.02 (0.93, 1.12)

0.723

Perceived peer relations

3,534

1.11 (1.05, 1.17)

0.000***

Child bullied at school in last year (yes)

3,502

0.95 (0.86, 1.05)

0.335

3,095

1.03 (0.89, 1.20)

0.652

Good parks (agree/strongly agree)

3,032

0.92 (0.81, 1.05)

0.234

Safe to play outside (agree/strongly agree)

3,033

1.02 (0.87, 1.20)

0.764

Heavy traffic (agree/strongly agree)

3,034

0.95 (0.85, 1.06)

0.333

Neighbours help each other (agree/strongly

3,032

1.12 (0.95, 1.31)

0.175

3,543

0.98 (0.92, 1.03)

0.419

School characteristics

Peer relations

Neighbourhood characteristics a
Urban/rural status (urban)
Parental neighbourhood perceptions:

agree)
Other factors
Perceived social support of responding parent
(P1)
n = number of participants; OR = odds ratio; β = unstandardised regression coefficient; CI =
confidence interval
Bold text indicates predictors that were included in final models (p<0.1)
Statistically significant predictors: ***p<0.001; **p<0.01; *p<0.05
a. Models used to test neighbourhood predictors were based on the subpopulation of
respondents who did not change postcodes between waves
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2. Potential predictors of the duration of non-organised PA participation at 13y
(minutes)
Potential predictor (reference category)

Duration of non-organised PA participation
at 13y (minutes)
n

β (95% CI)

p-value

Demographic / physical characteristics of child
Sex (females)

3,645

-100.13 (-196.24, -4.01)

0.041*

Body Mass Index (z-score)

3,468

-11.15 (-30.36, 8.05)

0.254

Pubertal development scale

3,547

-56.50 (-123.39, 10.40)

0.098

Gross motor coordination

3,568

55.88 (-16.19, 127.95)

0.128

Physical health-related quality of life

3,544

-0.04 (-0.99, 0.91)

0.935

Perceived health of child (Excellent/Good)

3,569

26.32 (-63.05, 115.69)

0.562

Indigenous status (Aboriginal or Torres Strait

3,644

83.17 (-31.43, 197.77)

0.154

3,484

-49.05 (-121.54, 23.44)

0.184

Internalising symptoms

3,546

-4.01 (-12.01, 3.99)

0.325

Externalising symptoms

3,546

7.61 (-0.78, 16.01)

0.075

Introversion (temperament)

3,547

-19.80 (-50.17, 10.56)

0.200

Persistence (temperament)

3,547

-12.66 (-35.15, 9.83)

0.269

Reactivity (temperament)

3,547

3.08 (-19.90, 26.07)

0.792

Global self-concept

3,534

18.86 (-15.59, 53.30)

0.282

Child has an anxiety/depression disorder

3,570

-45.80 (-167.97, 76.36)

0.461

Non-verbal intelligence

3,535

-4.51 (-9.99, 0.96)

0.106

Attended a religious service in past month

3,570

-38.08 (-95.72, 19.57)

0.195

Islander)
Linguistic diversity (child speaks language
other than English at home)
Psychosocial characteristics of child

(yes)
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PA enjoyment (a lot/quite a lot)

3,534

-22.46 (-122.13, 77.21)

0.658

Child usually sleeps for 9-11 hours/night (yes)

3,508

-24.34 (-73.55, 24.88)

0.331

Regular sports participation in past year (yes)

3,570

14.15 (-36.94, 65.24)

0.586

Attended playground/pool in past month (yes)

3,570

-4.04 (-40.62, 32.54)

0.828

Attended sporting event in past month (yes)

3,570

6.46 (-33.57, 46.50)

0.751

Usual duration of TV/week (hrs)

3,569

-2.00 (-5.40, 1.40)

0.248

Usual duration of electronic games/week (hrs)

3,570

2.58 (-1.78, 6.94)

0.245

Usual duration of home computer use/week

3,570

-5.11 (-11.70, 1.48)

0.128

3,532

-0.79 (-9.39, 7.81)

0.856

3,531

6.11 (-3.07, 15.30)

0.191

3,532

8.72 (-5.59, 23.03)

0.231

Number of siblings at home

3,571

14.04 (-5.20, 33.27)

0.152

2 parents in the home (yes)

3,571

-50.69 (-118.65, 17.26)

0.143

Socioeconomic position (z-score)

3,548

-21.95 (-48.32, 4.43)

0.102

Body Mass Index of responding parent

3,418

-0.74 (-4.19, 2.71)

0.673

Physical activity of responding parent (number

3,543

4.96 (-6.02, 15.95)

0.375

Parental PA with child (number of days/wk)

3,570

7.79 (-13.97, 29.55)

0.482

Responsive parenting style of mother

3,506

-10.62 (-39.64, 18.41)

0.472

Behavioural characteristics

(hrs)
Number of serves of fruit / vegetables (24hr
recall)
Number of serves of high fat foods (24hr
recall)
Number of serves of high sugar drinks (24hr
recall)
Micro-environmental characteristics
Family characteristics

of days/wk of at least 30 minutes MVPA)
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Responsive parenting style of father

3,317

-20.16 (-54.69, 14.37)

0.251

TV in child’s bedroom (yes)

3,570

49.69 (9.51, 108.90)

0.100

Child attends public school (yes)

3,549

58.27 (-4.01, 120.56)

0.067

Child thinks they do well at school (yes)

3,499

-7.94 (-46.88, 31.00)

0.688

Perceived peer relations

3,534

28.17 (-6.11, 62.44)

0.107

Child bullied at school in last year (yes)

3,502

-12.58 (-57.69, 32.52)

0.583

3,095

-20.11 (-84.67, 44.44)

0.540

Good parks (agree/strongly agree)

3,032

-2.83 (-52.51, 46.84)

0.911

Safe to play outside (agree/strongly agree)

3,033

47.26 (-33.42, 127.94)

0.250

Heavy traffic (agree/strongly agree)

3,034

-14.74 (-61.57, 32.09)

0.536

Neighbours help each other (agree/strongly

3,032

12.42 (-43.37, 68.21)

0.662

3,543

6.69 (-18.09, 31.48)

0.595

School characteristics

Peer relations

Neighbourhood characteristics a
Urban/rural status (urban)
Parental neighbourhood perceptions:

agree)
Other factors
Perceived social support of responding parent
(P1)
n = number of participants; β = unstandardised regression coefficient; CI = confidence interval
Bold text indicates predictors that were included in final models (p<0.1)
Statistically significant predictors: ***p<0.001; **p<0.01; *p<0.05
a. Models used to test neighbourhood predictors were based on the subpopulation of
respondents who did not change postcodes between waves
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3. All potential predictors of the likelihood of decline in non-organised PA
participation between 11y and 13y (yes/no)
Likelihood of decline in the duration of
non-organised PA participation between
Potential predictor (reference category)
11y and 13y
n

OR (95% CI)

p-value

Sex (females)

3,474

0.95 (0.82, 1.10)

0.463

Body Mass Index (z-score)

3,402

0.99 (0.93, 1.06)

0.846

Pubertal development scale

3,457

0.98 (0.84, 1.14)

0.771

Gross motor coordination

3,469

0.88 (0.76, 1.03)

0.107

3,454

1.08 (0.91, 1.27)

0.378

3,470

1.36 (0.82, 2.25)

0.234

3,473

1.03 (0.63, 1.68)

0.898

3,389

1.16 (0.89, 1.50)

0.269

Internalising symptoms

3,456

0.98 (0.95, 1.00)

0.062

Externalising symptoms

3,456

1.00 (0.98, 1.02)

0.757

Introversion (temperament)

3,457

0.96 (0.88, 1.06)

0.430

Persistence (temperament)

3,457

1.05 (0.97, 1.13)

0.233

Reactivity (temperament)

3,457

1.00 (0.91, 1.10)

0.933

Global self-concept

3,465

1.06 (0.94, 1.19)

0.334

Child has an anxiety/depression disorder

3,471

0.99 (0.66, 1.49)

0.959

Demographic / physical characteristics of child

Physical health-related quality of life (has
physical health problems ‘Never’ or ‘Almost
Never’)
Perceived health of child (Excellent/Good)
Indigenous status (Aboriginal or Torres Strait
Islander)
Linguistic diversity (child speaks language other
than English at home)
Psychosocial characteristics of child
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Non-verbal intelligence

3,466

1.00 (0.98, 1.01)

0.698

Attended a religious service in past month (yes)

3,471

1.02 (0.86, 1.21)

0.828

PA enjoyment (a lot/quite a lot)

3,465

1.35 (1.00, 1.84)

0.053

Child usually sleeps for 9-11 hours/night (yes)

3,440

1.04 (0.86, 1.27)

0.668

Regular sports participation in past year (yes)

3,471

1.06 (0.89, 1.26)

0.512

Attended playground/pool in past month (yes)

3,471

1.11 (0.94, 1.30)

0.208

Attended sporting event in past month (yes)

3,471

1.14 (0.99, 1.32)

0.064

Usual duration of TV/week (hrs)

3,470

1.00 (0.99, 1.00)

0.308

Usual duration of electronic games/week (hrs)

3,471

1.01 (0.99, 1.03)

0.452

3,471

0.99 (0.98, 1.01)

0.217

3,463

1.02 (0.98, 1.05)

0.302

3,462

1.01 (0.97, 1.04)

0.687

3,463

1.06 (1.01, 1.12)

0.020*

Number of siblings at home

3,472

1.04 (0.97, 1.11)

0.307

2 parents in the home (yes)

3,472

1.18 (0.95, 1.45)

0.129

Socioeconomic position (z-score)

3,450

0.93 (0.87, 1.01)

0.079

Body Mass Index of responding parent

3,336

0.99 (0.98, 1.01)

0.239

of days/wk of at least 30 minutes MVPA)

3,454

1.01 (0.97, 1.04)

0.768

Parental PA with child (number of days/wk)

3,471

1.03 (0.94, 1.11)

0.557

Behavioural characteristics

Usual duration of home computer use/week
(hrs)
Number of serves of fruit / vegetables (24hr
recall)
Number of serves of high fat foods (24hr recall)
Number of serves of high sugar drinks (24hr
recall)
Micro-environmental characteristics
Family characteristics

Physical activity of responding parent (number
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Responsive parenting style of mother

3,437

1.04 (0.93, 1.15)

0.515

Responsive parenting style of father

3,253

0.91 (0.83, 1.00)

0.047*

TV in child’s bedroom (yes)

3,471

1.07 (0.89, 1.27)

0.489

Child attends public school (yes)

3,450

1.04 (0.89, 1.22)

0.630

Child thinks they do well at school (yes)

3,430

1.09 (0.94, 1.25)

0.258

Perceived peer relations

3,465

1.13 (1.03, 1.24)

0.010*

Child bullied at school in last year (yes)

3,404

1.07 (0.91, 1.26)

0.397

3,599

1.02 (0.80, 1.29)

0.900

Good parks (agree/strongly agree)

3,583

0.90 (0.73, 1.12)

0.355

Safe to play outside (agree/strongly agree)

3,584

1.17 (0.91, 1.50)

0.217

Heavy traffic (agree/strongly agree)

3,585

0.93 (0.77, 1.12)

0.437

3,583

1.05 (0.81, 1.37)

0.687

3,454

0.99 (0.91, 1.09)

0.858

School characteristics

Peer relations

Neighbourhood characteristics a
Urban/rural status (urban)
Parental neighbourhood perceptions:

Neighbours help each other (agree/strongly
agree)
Other factors
Perceived social support of responding parent
(P1)
n = number of participants; OR = odds ratio; CI = confidence interval
Bold text indicates predictors that were included in final models (p<0.1)
Statistically significant predictors: ***p<0.001; **p<0.01; *p<0.05
a. Models used to test neighbourhood predictors were based on the subpopulation of
respondents who did not change postcodes between waves

Back to Section 6.3.2 (Predictors of
change in non-organised PA participation)
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Back to Section 6.4
(Discussion)

Appendix P: Variables used to explore the characteristics of time-use
segments
Potential predictor

Description

(respondent)
Demographic/physical characteristics
Sex (P1)

Determined at Wave 1 [Male/Female]

Indigenous status (P1)

Whether the child is of Aboriginal or Torres Strait Islander origin
[Yes/No]

Linguistic diversity

Whether the child speaks a language other than English at home

(P1)

[Yes/No]

Socioeconomic

Scale derived by LSAC based on annual household income,

position of family (P1)

educational attainment of parents and occupational status of parents.
Validated against experience of economic hardship, being a
recipient of income support and other variables (Blakemore et al.
2009)

Type of school child

Type of school the child attends [1. (Government) / 2. (Catholic) /

attends (P1)

3. (Independent), categories 2-3 merged]

Number of siblings at

The number of the study child’s siblings living in the household

home (P1)
2 parents in the home

Whether the study child has two parents living in the household

(P1)

[Yes/No]

BMI z-score (DO)

Standardised variable provided by LSAC [Weight(kg)/Height(m)2]

Gross motor

3 item scale: parent’s assessment of how well the child can run,

coordination (P1)

jump and balance compared to their peers [1. (Better than other
children) / 2. (About the same) / 3. (Not as well as other children)]

Pubertal development

5 item scale: parent’s assessment of the child’s development of

(P1)

body hair, growth spurt, skin changes, facial hair (males), voice
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changes (males), breast changes (females) and menarche (females)
[1. (Has not yet started) to 4. (Seems complete); menarche:
Yes/No]. α = 0.77, validated against physician’s assessment
(Petersen et al. 1988)
Physical health-related

8 item scale: frequency in the last month that the child had

quality of life (P1)

problems with physical tasks [1. (Never) to 5. (Almost Always)]; α
= 0.88, validated against days of school missed due to health and
other variables (Varni et al. 2001)

Geographic variables
Urban/rural status (DO)

Derived by LSAC based on home address, based on the ‘Section
of State’ classification within the ASGS [1. (major urban
population) / 2. (other urban population) / 3. (bounded locality) /
4. (rural balance), categories 1-2 and 3-4 merged] (Australian
Bureau of Statistics 2017b)

Psychographic variables
Internalising symptoms

Sum of emotional problems scale and peer problems scale from

(P1)

the SDQ [1. (Not True) / 2. (Somewhat true) / 3. (Certainly True)].
α: emotional symptoms (0.67), peer problems (0.57) (Goodman
2001)

Externalising symptoms

Sum of hyperactivity scale and conduct problems scale from the

(P1)

SDQ [1. (Not True) / 2. (Somewhat true) / 3. (Certainly True)]. α:
hyperactivity (0.77), conduct problems (0.63) (Goodman 2001)

Introversion

4 item scale measuring willingness to approach new people from

(temperament) (P1)

the SATI [1. (Never) to 5. (Always)]. α = 0.88, test-retest
reliability = 0.82 (McClowry 1995)

Persistence

4 item scale measuring completion of tasks from the SATI [1.

(temperament) (P1)

(Never) to 5. (Always)]. α = 0.90, test-retest reliability = 0.81
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(McClowry 1995)
Reactivity

4 item scale measuring negative affect from the SATI [1. (Never)

(temperament) (P1)

to 5. (Always)]. α = 0.90, test-retest reliability = 0.89 (McClowry
1995)

Bullying victimisation

Whether the child has been bullied at school in the last year

(P1)

[Yes/No]

Behavioural characteristics of child
Participation in

Whether the child regularly participated in out-of-school activities

extracurricular activities

in the last week (including community, sports, academic,

outside school (P1)

religious, creative or skills-based activities) [Yes/No]

Overall physical

Duration of time spent in non-organised PA, organised PA, active

activity participation

transport or active chores/work (time-use diary)

(TUD)
Acronyms (A-Z): ASGS = Australian Statistical Geography Standard; BMI = Body Mass Index;
DO = direct observation; P1 = Primary responding parent; SATI = School-Age Temperament
Inventory; SDQ = Strengths and Difficulties Questionnaire; TUD = time-use diary
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Appendix Q: Definition of PA domains (appendix to Chapter 7)
This file provides definitions of non-organised PA, organised PA, active transport and active chores/work, as well as the time-use diary codes used to measure
each domain of PA.
PA domain

Definition

LSAC time-use diary codes used in the present study

Non-organised

“Freely chosen, unstructured ... flexible and spontaneous,

Ball games, riding bike/scooter/skateboard for leisure, skipping, running,

PA

minimally constrained by adult demands, there is no end

chasing. (the overall term ‘unstructured active play’ was adopted in Wave

product, no time pressures, no fear of failure and the activity

5).

appears to occur for its own sake” (Active Healthy Kids
Australia 2016, p. 25).
Organised PA

“Usually involving training and competition, having a

Organised team sports and training (e.g. football, basketball, netball,

coach, and being organised by adults” (Hardy et al. 2010, p.

cricket), organised individual sports and training (e.g. swimming, dancing,

23) and “typically requiring specialised equipment, a special

tennis, martial arts, gymnastics) a.

play area and time” (Department of Health 2008, p. 56).
Active

“Any form of human powered transportation (e.g.

Travel by foot, bike, scooter, skateboard, etc.

transport

locomotion on foot, or bicycle, skateboard, etc)” (Active

Note: this is distinct from non-organised PA because it occurs for the
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Healthy Kids Australia 2016, p. 22).

purpose of ‘travel’, not ‘leisure’.

Active chores

“Household chores, including vacuuming/mopping,

Activity codes for active chores/work were selected in a process described

or work

digging/planting, lifting/carrying” and “job tasks, including

in Chapter 5. Available codes were included in this domain if they were

walking, lifting/carrying, and other activities of similar

considered likely to exceed 3.0 metabolic equivalents (METs).

exertion” (Brownson et al. 2000, p. 265).

Activity codes in Wave 4 included: making own bed, tidying own room,
cleaning, tidying other rooms, gardening, putting out bin, walking pets
Activity codes in Wave 5 included: cleaning/tidying, gardening/lawn
mowing, walking/playing with pets, car washing, umpiring/refereeing,
pamphlet delivering.
Note: this domain is distinct from non-organised PA because it usually
occurs for a purpose such as cleaning, home maintenance, paid work or
pet care, rather than occurring for its own sake.

LSAC = Longitudinal Study of Australian Children
a. Examples not included in Wave 5 codes.
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Appendix R: Institutional approvals related to the collection of
qualitative data
1. Overall institutional approval to collect data on-campus at the University of
Wollongong

266

267

2. Approval to collect data in UOW College classes
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3. Email script to request permission from subject coordinators to recruit
participants in their subject

The following email was sent to UOW subject coordinators requesting permission to conduct a
screening survey with their students. Eleven subject coordinators provided permission (evidence
of individual subject coordinator permissions available upon request).
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4. Advice from the office of the Anglican Bishop of the Wollongong region regarding
data collection in churches

270

5. Approval to collect data in [Church 1] (de-identified to protect participant
anonymity)

271

6. Email correspondence regarding posting a link to screening survey on the
Facebook page of [Church 2] (de-identified to protect participant anonymity)
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Appendix S: All participant information sheets and consent forms for
qualitative data collection
1. Participant information sheet for on-campus data collection
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274

2. Participant information sheet for church-based data collection

275

276

3. Consent form for screening survey

277

4. Consent form for interview

Back to Section 8.2
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Appendix T: Screening survey used to recruit qualitative participants
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Appendix U: Information about physical activity cut-points used
on screening survey
Overview
Quantitative data from the Longitudinal Study of Australian Study (LSAC) was used to develop
cut-points for ‘high’, ‘moderate’, ‘low’ and ‘zero’ participation in overall PA, non-organised PA
and organised PA. Wave 6 data was used because it corresponds to the middle age category on
the screening survey (15y). The sample size and weighting methods corresponded with the data
used in Chapter 5.

Cut-points for overall PA
A cut-point of zero minutes per week was used for ‘zero’ participation. The remaining cutpoints were obtained by calculating tertiles of overall PA participation at 15y (i.e. arranging
scores in increasing order and dividing the sample into three relatively equal groups). Cut-points
were rounded to the nearest 15 minutes. This process led to the following cut-points for overall
PA:
Category

LSAC sample (%)

Cut-points (per day)

Cut-points (per week)

High

22.2%

120+ min/day

14+ hours/week

Moderate

26.2%

46 – 120 min/day

5.5 – 14 hours/week

Low

24.5%

1 – 45 min/day

1 min – 5.25 hours/week

None

27.1%

Zero min/day

Zero min/week

Cut-points for non-organised and organised PA
To create cut-points for non-organised and organised PA, cut-points for overall PA were
proportionally scaled based on data reported in Chapter 5. In this chapter, non-organised PA
and organised PA comprised around a third of 15 year-olds’ overall PA. Therefore, the
following cut-points were used for non-organised and organised PA:
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Category

Cut-points (per day)

Cut-points (per week)

40 + min/day

4.5 + hours/week

Moderate

16 – 39 min/day

2 – 4.5 hours/week

Low

1 – 15 min/day

1 min – 1.75 hours/week

None

Zero min/day

Zero min/week

High

Back to Section 8.2.3
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Appendix V: Example interview guide
Materials required:


Hard copy of PIS and consent form



Pen



Butchers paper



Textas



Stickers



Recording device



Water



$20 iTunes / Google Play voucher



Assistance flyer

Preparation:


Double check recording devices have a full battery and do a test record.



Start with a blank page of butchers paper



Rule a horizontal line at the top of the page (time, with years and tick marks for age)



Partition the page into ‘context areas’ ('home' in the top third of the page, 'school' in the
bottom third and 'other' in the middle)



Provide coloured markers

Read the preamble:


Thank you for being willing to participate in this study.



The purpose of this research is to explore social norms which may have affected your
participation in different types of physical activity during childhood and adolescence, as
well as the things that encouraged or prevented you from participating in physical
activity.



Physical activity is any activity that increases your heart rate and makes you get out of
breath some of the time.
284



The conversation we have today will be typed up. The things you say might be quoted
in a journal article but we won’t identify you by name. After the interview, you will
receive a copy of your typed interview and you will have an opportunity to review it
and make corrections. You will be able to withdraw from the study within 2 weeks of
receiving the typed up interview.



There are no right or wrong answers and you are not required to answer all questions.



You will also be able to stop the interview at any time if you feel uncomfortable.



I will ask you questions as we complete this timeline and I would like to record this
conversation so I don’t have to write notes. Is this okay?



Turn on recording device. Do you provide consent to be recorded?



Today I would like to ask you to create a timeline on this piece of paper. I’d like you to
focus on the types of physical activity you were participating in at different ages.



We will both have coloured markers to draw on this page together.

Setting up memory cues:


Firstly, let’s put some milestones on the chart to make it easier to remember things.
o

What year did you start primary school?

o

What year did you finish primary school?

o

What year did you start high school?

o

What year did you finish high school?

o

What did you after finishing high school? What year was that?



I also have stickers here to indicate every time you moved house [place on the timeline].



Do you have any younger siblings? What year were they born? [place ‘baby’ stickers on
timeline].



What about older siblings? Have they moved out of home? When? [write on timeline]
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Any other life events that might help to prompt your memory? (some participants may
mention injuries, a friend moving away, grandparents passing away, divorce) [write on
timeline]

Interview prompts:


Now, I’ll ask you to think about types of physical activity you have participated in.



To start, can you remember any specific physical activities that you have participated
in?
o

Prompts to help focus on an activity:


What stage of life are you thinking about? [Try to narrow it down to a
year on the timeline]

o

Prompts to place the activity on the timeline:
a) What age do you think you were when you started doing [Activity 1]?
b) What age do you think you were when you stopped doing [Activity 1]?

o

Prompts to get deeper:
c) Can you describe any particular places or people that you associate with
[Activity 1] at [age]?
d) Can you describe what you remember enjoying/not enjoying about
[Activity 1]?
e) Did your enjoyment of [Activity 1] change between [age] and [age]?
Why?
f) Thinking back, why do you think you stopped [Activity 1] at [age]?
g) What kind of activities do you remember other people at school doing
at [age]?
h) What do you think other kids thought of [Activity 1] at [age]? How did
this make you feel about [Activity 1]?
i)

How would you feel about engaging in [Activity 1] today?

[Not all of the above prompts will be asked – this will depend on what is
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shared]


Finding the next activity to talk about:
o

Moving forward in time:


What kind of activities did you do when you stopped doing [Activity
1]?


o

Repeat similar questions (Qa – Qi) for the next activity

Moving backward in time:


What kind of activities did you do before you started doing [Activity
1]?


o

Repeat similar questions (Qa – Qi) for the next activity

Moving across life contexts:


Were you doing any other activities at around the same time as [activity
1], including at [other context]?



Repeat similar questions (Qa – Qi) for the next activity

Now, as we bring the interview to a close, do you have any overall reflections on your physical
activity as you look at the timeline?

To finish up, I’d just like to ask a few follow-up questions from your survey:


In terms of your current level of overall physical activity, on the survey you said this
was [high; moderate; low; none], which means [14+ hr/wk ; 5.5-14 hr/wk ; 1min-5.25
hr/wk ; zero min/wk]. Would you be able to estimate of the duration of your current
physical activity per week?



In terms of your level of overall physical activity at 15 years of age, on the survey you
said this was [high; moderate; low; none], which means [14+ hr/wk ; 5.5-14 hr/wk ;
1min-5.25 hr/wk ; zero min/wk]. Would you be able to estimate of the duration of your
physical activity per week at age 15?
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In terms of your level of overall physical activity at 11 years of age, on the survey you
said this was [high; moderate; low; none], which means [14+ hr/wk ; 5.5-14 hr/wk ;
1min-5.25 hr/wk ; zero min/wk]. Would you be able to estimate of the duration of your
physical activity per week at age 11?

Finally, are you still comfortable with our conversation being used in this research project?
Thank you for your time and for your participation.

Back to Section 8.2.4
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Appendix W: Photograph of pin board used for mind-mapping, showing qualitative codes and themes in progress

Back to Section
8.3
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Other Supplementary Materials
Table 3.1 Characteristics of included studies
Study characteristic

Number of studies
(%)a

Year of publication
1997-2007
2008-2012

2 (9%)
5 (22%)

2013-2017

16 (70%)

Sample size for paired analysis
Less than 100
1 (4%)
100-399
11 (48%)

400-699
700-999
Over 1000

5 (22%)
1 (4%)
5 (22%)

Continent of data
collection
Europe

14 (61%)

5 (22%)

References

(Raustorp et al. 2007; van Mechelen et al. 2000)
(Carver et al. 2009; Carver et al. 2011; Chillón et al. 2012; Dearth-Wesley et al. 2012; Swaminathan
et al. 2011)
(Brooke et al. 2014; Coombes et al. 2014; De Meester et al. 2014; Eime et al. 2016; Falconer et al.
2015; Gubbels et al. 2016; Koning et al. 2016; Lee 2014; Martinez-Gomez et al. 2014; Moraeus et
al. 2015; Murtagh et al. 2016; Panter et al. 2013; Rääsk et al. 2015; Rauner et al. 2015; Veitch et al.
2017; Vella et al. 2015)
(Raustorp et al. 2007)
(Brooke et al. 2014; Carver et al. 2009; Carver et al. 2011; Chillón et al. 2012; Dearth-Wesley et al.
2012; Eime et al. 2016; Rääsk et al. 2015; Rauner et al. 2015; Swaminathan et al. 2011; van
Mechelen et al. 2000; Veitch et al. 2017)
(Coombes et al. 2014; De Meester et al. 2014; Gubbels et al. 2016; Koning et al. 2016; Moraeus et
al. 2015)
(Panter et al. 2013)
(Falconer et al. 2015; Lee 2014; Martinez-Gomez et al. 2014; Murtagh et al. 2016; Vella et al. 2015)
(Brooke et al. 2014; Chillón et al. 2012; Coombes et al. 2014; De Meester et al. 2014; Falconer et al.
2015; Gubbels et al. 2016; Koning et al. 2016; Moraeus et al. 2015; Murtagh et al. 2016; Panter et
al. 2013; Rääsk et al. 2015; Rauner et al. 2015; Raustorp et al. 2007; van Mechelen et al. 2000)
(Carver et al. 2009; Carver et al. 2011; Eime et al. 2016; Veitch et al. 2017; Vella et al. 2015)
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Australia
Asia
North America
South America
Age span measuredb
Within childhood (5-12y)

2 (9%)
1 (4%)
1 (4%)

(Dearth-Wesley et al. 2012; Swaminathan et al. 2011)
(Lee 2014)
(Martinez-Gomez et al. 2014)

10 (43%)

Transition from childhood
to adolescence

13 (57%)

Within adolescence (1318y)

6 (26%)

(Carver et al. 2009; Carver et al. 2011; Coombes et al. 2014; Dearth-Wesley et al. 2012; Koning et
al. 2016; Moraeus et al. 2015; Panter et al. 2013; Rääsk et al. 2015; Swaminathan et al. 2011; Vella
et al. 2015)
(Brooke et al. 2014; Carver et al. 2011; Chillón et al. 2012; De Meester et al. 2014; Eime et al. 2016;
Falconer et al. 2015; Gubbels et al. 2016; Martinez-Gomez et al. 2014; Murtagh et al. 2016; Rääsk et
al. 2015; Rauner et al. 2015; Raustorp et al. 2007; Veitch et al. 2017)
(Carver et al. 2009; Eime et al. 2016; Falconer et al. 2015; Lee 2014; Raustorp et al. 2007; van
Mechelen et al. 2000)

Number of in-scope time-points
Two
17 (74%)

Three
5 (22%)
Four
1 (4%)
Number of domains of PA measured
One
19 (83%)

Two

4 (17%)

(Brooke et al. 2014; Carver et al. 2009; Chillón et al. 2012; Coombes et al. 2014; De Meester et al.
2014; Dearth-Wesley et al. 2012; Gubbels et al. 2016; Koning et al. 2016; Lee 2014; MartinezGomez et al. 2014; Moraeus et al. 2015; Murtagh et al. 2016; Panter et al. 2013; Rauner et al. 2015;
Swaminathan et al. 2011; Veitch et al. 2017; Vella et al. 2015)
(Carver et al. 2011; Eime et al. 2016; Falconer et al. 2015; Rääsk et al. 2015; Raustorp et al. 2007)
(van Mechelen et al. 2000)
(Brooke et al. 2014; Carver et al. 2009; Carver et al. 2011; Chillón et al. 2012; Coombes et al. 2014;
De Meester et al. 2014; Falconer et al. 2015; Gubbels et al. 2016; Koning et al. 2016; Lee 2014;
Martinez-Gomez et al. 2014; Moraeus et al. 2015; Murtagh et al. 2016; Panter et al. 2013; Rääsk et
al. 2015; Raustorp et al. 2007; Swaminathan et al. 2011; Veitch et al. 2017; Vella et al. 2015)
(Dearth-Wesley et al. 2012; Eime et al. 2016; Rauner et al. 2015; van Mechelen et al. 2000) c
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Domain of PA measuredb
Active transport

13 (57%)

Organised PA

9 (39%)

Non-organised PA
Active chores

3 (13%)
2 (9%)

(Carver et al. 2009; Carver et al. 2011; Chillón et al. 2012; Coombes et al. 2014; De Meester et al.
2014; Dearth-Wesley et al. 2012; Falconer et al. 2015; Gubbels et al. 2016; Martinez-Gomez et al.
2014; Murtagh et al. 2016; Panter et al. 2013; Swaminathan et al. 2011; Veitch et al. 2017)
(Dearth-Wesley et al. 2012; Eime et al. 2016; Koning et al. 2016; Moraeus et al. 2015; Rääsk et al.
2015; Rauner et al. 2015; Raustorp et al. 2007; van Mechelen et al. 2000; Vella et al. 2015)
(Eime et al. 2016; Rauner et al. 2015; van Mechelen et al. 2000)
(Brooke et al. 2014; Lee 2014)

a. Some percentages will add to more than 100% due to rounding
b. Results for these items will add to more than 100% because some studies measured more than one age period and/or domain of PA
c. van Mechelen et al. (2000) included a third category of ‘other PA’ which was not classifiable in this review
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Domain

Table 3.2 Summary of longitudinal changes in domains of PA, by age period

Within childhood (512y)

Number of studies
(references)
Transition from childhood
to adolescence

Within adolescence
(13-18y)

6

8

2

Significant
increase

3
(Carver et al. 2009;
Dearth-Wesley et al.
2012; Panter et al. 2013)

2
(Carver et al. 2011ab; De
Meester et al. 2014)

–

No significant
change

2
(Carver et al. 2011;
Swaminathan et al. 2011)

5
(Carver et al. 2011ac; Chillón
et al. 2012; Falconer et al.
2015; Gubbels et al. 2016;
Veitch et al. 2017)

1
(Carver et al. 2009)

1
(Coombes et al. 2014)

2
(Martinez-Gomez et al.
2014; Murtagh et al. 2016)

1
(Falconer et al. 2015)

5

4

3

Significant
increase

3
(Dearth-Wesley et al.
2012; Koning et al. 2016;
Moraeus et al. 2015)

2
(Eime et al. 2016cde; Rauner
et al. 2015f)

–

No significant
change

2
(Rääsk et al. 2015b; Vella
et al. 2015)

2
(Eime et al. 2016cdg; Rääsk
et al. 2015b)

2
(Eime et al. 2016cde;
van Mechelen et al.
2000h)

–

1
(Raustorp et al. 2007)

2
(Eime et al. 2016cdg;
Raustorp et al. 2007)

0

2

2

–

–

–

–

1
(Eime et al. 2016c)

2
(Eime et al. 2016c; van
Mechelen et al.
2000ach)

Trend in
participation

Active transport

Number of
studies in
category

Significant
decline

Organised PA

Number of
studies in
category

Non-organised PA

Significant
decline

Number of
studies in
category
Significant
increase
No significant
change
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–

1
(Rauner et al. 2015f)

1
(van Mechelen et al.
2000abh)

0

1

1

Significant
increase

–

1
(Brooke et al. 2014h)

–

No significant
change

–

–

1
(Lee 2014)

Significant
decline

–

–

–

Significant
decline

Active chores

Number of
studies in
category

a. Study is counted twice in this category due to differing results for boys and girls (no total
provided)
b. Boys only
c. Girls only
d. Eime et al. (2016) is counted twice in this category due to differing results for competitive
and non-competitive organised PA (no total provided)
e. Non-competitive organised PA
f. ‘Young cohort’ only
g. Sports club membership
h. Numeric values were not stated in the article text. The reviewers agreed on trends based on
visual inspection of Figure 4 in van Mechelen et al. (2000) and Figure 1 in Brooke et al. (2014)
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